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4.2.4.1  Member of the Public Exposure Pathways

The pathways for MOP release to be used in the PA analyses are presented in Table 4.2-38
and discussed below. Table 4.2-38 also indicates whether detailed dose calculations are
included as part of the PA. The scenarios are not assumed to occur until after the 100-year
institutional control period ends, during which no active FTF facility maintenance will be
conducted. The consumption rates and bioaccumulation factors that are used in conjunction
with the pathways are discussed in detail in Section 4.6.

The primary water
> Scenario with Well Water as Primary Water Source sources for the MOP

release pathways are
either a well drilled into the groundwater aquifers or from a GSA stream.

In the groundwater well dose analysis, doses are calculated using water from a well for
domestic purposes. The following exposure pathways involving the use of contaminated
well water are assumed to occur as presented in Table 4.2-38 and Figure 4.2-27.

e Direct ingestion of well water

o Ingestion of milk and meat from livestock (e.g., dairy and beef cattle) that drink
well water

e Ingestion of vegetables grown in garden soil irrigated with well water

e Ingestion of milk and meat from livestock (e.g., dairy and beef cattle) that eat
fodder from pasture irrigated with well water

e Ingestion and inhalation of well water while showering

The following exposure pathways involving the use of contaminated surface water (from
the applicable stream) for recreational use are assumed to occur:

e Direct irradiation during recreational activities (e.g., swimming, fishing) from
stream water

e Dermal contact with stream water during recreational activities (e.g., swimming,
fishing)

e Incidental ingestion and inhalation of stream water during recreational activities

e Ingestion of fish from the stream water

Additional exposure pathways could involve releases of radionuclides into the air from
the water taken from the well (i.e., volatile radionuclides such as H-3, C-14, 1-129).
Exposures from the air pathway in this PA:

e Direct plume shine
e Inhalation
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Ecology Environmental Information Document was used as a source of relevant
environmental information and conditions at the SRS. [WSRC-TR-2005-00201] For
example, the SRS Ecology Environmental Information Document was used to identify
potential wild game available on site, potential bio-intrusion candidates (flora and
fauna), and the potential for the presence of fish and/or shellfish in the creeks
bordering the FTF.

Those potential pathways that had quantified analysis are denoted with an “X” for the
various receptors. Quantified analysis was not performed for potential pathways
denoted with an “O”, based on the applicable justifications provided throughout this
section. (Table 4.2-38) NUREG-1854 states that transport pathways may be
excluded from PA if it can be demonstrated that either there is limited potential for
radionuclides to be released into a particular pathway, or the pathway is not viable
(e.g., water is not potable). Other pathways were marked as N/A due to the nature of
the scenario making them impossible (e.g., a garden that receives 100% of its
irrigation water from a well cannot also receive water from a stream).

The following assumptions were
made regarding the pathways
related to the MOP resident

= Inputs and Assumptions Related to the
Public Release Pathways

scenario using water from a well or stream:

e The stabilized contaminants release mechanisms to the MOP are leaching of
stabilized contaminants to the groundwater and volatilization of the stabilized
contaminants to the surface. Well drilling is not a release mechanism, since
any well drilling associated with the MOP scenarios will be outside the FTF
buffer zone, and therefore will not disturb the stabilized contaminants.

e Bio-intrusion and/or erosion are not considered credible mechanisms for
significant stabilized contaminant disturbance based on the depth and form of
the stabilized contaminant. The stabilized contaminants will be significantly

 below ground, from at least 10 feet for ancillary equipment to approximately
40 feet for stabilized contaminant tank heels. The stabilized contaminant is
contained within stainless steel or carbon steel equipment and will be
stabilized and/or grouted as part of tank closure. No mechanism was
identified that would result in stabilized contaminant disturbance and dispersal
such that the dose to the MOP (outside the FTF buffer zone) would be
impacted.

e In the well water as primary water source scenario, well water will be used as
a primary potable water source for a residence necar the well (e.g., drinking
water, showering) and will be used by the resident as a primary water source
for agriculture (e.g., irrigation, livestock water).
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e In the MOP near a stream scenario, stream water will be used as a primary
potable water source for a residence near the stream (e.g., drinking water,
showering) and will be used by the resident as a primary water source for
agriculture (e.g., irrigation, livestock water).

e In both MOP scenarios, the resident (near the well and/or near a stream) can
use a stream for recreational activities (e.g., swimming, fishing).

e Any wild game ingested (deer, wild pigs) would merely offset ingested
livestock, and would result in a lower total dose since the livestock raised near
FTF would be more affected by FTF stabilized contaminants than transient
wild game.

e There are two creeks (UTR and Fourmile Branch) from which ingestion of
marine life with significant contamination is possible. These creeks were
conservatively assumed to be a source of dietary fish, but shellfish was
excluded because UTR and Fourmile Branch are not significant sources of
edible shellfish and shellfish play an insignificant role in local diets in relation
to other ingested contributors to dose such as livestock, milk, and vegetables
(local invertebrate consumption is a total of 2 kg/year). [WSRC-TR-2005-
00201, WSRC-STI-2007-00004]

e Since there is no substantive water source readily available at the well site,
pathways related to water-related commercial activities were not considered.
Based on the relative proximate of a large, natural water source (i.e., the
Savannah River), it is not assumed that a man-made body of water would be
created at the MOP resident site.

e The dose associated with dermal absorption of radionuclides is considered
insignificant because, unlike some chemicals, radionuclides are generally
adsorbed into the body very poorly.

e The quantities of water ingested during the relatively short activities of
showering (10 min/day) and swimming (8.9 hr/year) are negligibly small and
are not addressed independently. The impact of these activities is addressed
by the “direct ingestion of well water” pathway (i.e., they are included in the
337 liters of water that is assumed to be ingested every year). [WSRC-STI-
2007-00004]

4.2.4.2  Intruder Exposure Pathways

The stabilized contaminant materials after FTF closure will be primarily located in areas
protected by significant materials (e.g., grouted waste tanks, DB cell covers and valve box
shielding) which are clearly distinguishable from the surrounding soil and make drilling not a
practical scenario based on regional drilling practices. Regional drilling conditions are such
that a barrier such as the closure cap erosion barrier, tank top, or grout fill are situations that
would cause drillers to stop operations and move drilling location. The most vulnerable
location for stabilized contaminants is in a transfer line which may be near grade-level prior
to closure and are of a small size (typically 3 inch diameter or less) which makes them the
most credible stabilized contaminants hit during any intruder drilling operations even though
the probability of hitting a transfer line is small due to the small surface area of transfer lines
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versus to large FTF footprint. Because 82% of the transfer line length is 3 inch diameter, and
only 0.24% is 4 inch diameter and the remainder less than 3 inch diameter, the analysis is
performed on 3 inch lines.

The dose pathways for an inadvertent intruder are presented in Table 4.2-39 and discussed
below. - Table 4.2-39 also indicates whether detailed dose calculations are required. The
intruder release scenarios are not assumed to occur until after the 100-year institutional
control period ends, during which no active FTF facility maintenance will be conducted.

This scenario is considered conservative because the stainless steel transfer lines maintain
their integrity for several hundred years as noted in Section 4.2.3.2.5.

4242.1 Intruder Release Scenarios

The consumption rates and bioaccumulation factors that are used in conjunction with the
Table 4.2-39 proposed pathways are discussed in detail in Section 4.6.

In order to calculate the dose to an inadvertent intruder, the following intruder
scenarios were considered:

Acute Intruder-Drilling Scenario

Acute Intruder-Construction Scenario

Acute Intruder-Discovery Scenario

Chronic Intruder Agricultural (Post-Drilling) Scenario
Chronic Intruder-Resident Scenario

Chronic Intruder-Recreational Hunting Fishing Scenario
Bio-intrusion Scenario

42422 Acute Intruder-Drilling Scenario

In this scenario, it is assumed that after the end of active institutional controls, a well is
drilled into the waste disposal system. The well is assumed to be used for domestic water
use and irrigation. Since no other natural resources have been identified in the FTF, no
additional drilling scenarios are considered. In a drilling scenario, an acute intruder is
assumed to be the person or persons who install the well and are exposed to drill cuttings
during well installation.

The drilling borehole is assumed to penetrate the waste disposal site. This scenario
involves stabilized contaminants below the depth of typical construction excavations.
The acute drilling scenario assumes that an inadvertent intruder drills a well into a
transfer line, but not into a waste tank. Although the probability of hitting a transfer line
within the area may be small, it is assumed that this occurs for the drilling scenario. The
intruder is exposed to contaminated drill cuttings spread over the ground and
contaminated airborne dust.

. Exposure of a resident or farmer to drill cuttings left on the land surface after the
installation of a well was considered under the intruder-resident scenario or intruder-
agricultural scenarios.
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42423 Acute Intruder-Construction Scenario

In this scenario, it is assumed that after the end of active institutional controls, a
construction project begins at the site with associated earthmoving activities. The
intruder-construction scenario involves an inadvertent intruder who chooses to excavate
or construct a building on the disposal site. The intruder is assumed to dig a basement
excavation to a depth of approximately 10 feet. It is assumed that the intruder does not
recognize the hazardous nature of the material excavated. During the excavation of the
basement, the intruder is exposed to the exhumed stabilized contaminants by inhalation
of resuspended contaminated soil and external irradiation from contaminated soil. Due to
the disposal depth of the stabilized contaminants in the waste tanks and in ancillary
equipment (from at least 10 feet up to approximately 40 feet below the FTF closure cap),
the intruder-construction scenario is not considered applicable.

42424 Acute Intruder-Discovery Scenario

The intruder-discovery scenario is conceptualized as a modification of the intruder-
construction scenario. The basis for the intruder-discovery scenario is the same as the
intruder-construction scenario except that the exposure time is reduced. The scenario
involves the intruder excavating a basement to a depth of approximately 10 feet. The
intruder is assumed to recognize that he or she is digging into very unusual soil
immediately upon encountering the tank/piping system and leaves the site.
Consequently, the exposure time is reduced. Similar to the intruder-construction
scenario, the intruder-discovery scenario was not considered for further analysis due to
the disposal depth of the stabilized contaminants in the tanks and in ancillary equipment
(from at least 10 feet up to approximately 40 feet below the FTF closure cap).

42425 Chronic Intruder-Agricultural (Post-Drilling) Scenario

In this scenario, it is assumed that after the end of active institutional controls, a farmer
lives on, and consumes food crops grown and animals raised on the disposal area. The
chronic intruder agriculture (i.e., post-drilling) scenario is an extension of the acute
intruder drilling scenario. It is assumed in this scenario that an intruder lives in a
building near the well drilled as part of the intruder-drilling scenario and engages in
agricultural activities on the contaminated site. Excavation to the surface of the stabilized
contaminants in the waste tanks was not considered credible due to its depth of more than
40 feet below the closure cap. Therefore, the intruder-agriculture scenario was retained
for the ancillary equipment inventory and specifically a waste transfer line because it is
less protected than a DB, valve box or PP which are shielded with thick shield covers of
several feet of concrete. The soil used for agricultural purposes is assumed to be
contaminated by both drill cuttings and irrigation well water.
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The intruder is exposed to (Figure 4.2-30):

Direct ingestion of well water

Ingestion and inhalation of well water while showering _

Ingestion of milk and meat from livestock (e.g., dairy and beef cattle) that drink
well water

Ingestion of vegetables grown in garden soil irrigated with well water and
containing contaminated drill cuttings

Ingestion of milk and meat from livestock (e.g., dairy and beef cattle) that eat
fodder from pasture irrigated with well water

Inhalation of well water used for irrigation

Inhalation of dust from the soil that was irrigated with well water

Ingestion of soil that was irrigated with well water

Direct radiation exposure from radionuclides deposited on the soil that was
irrigated with well water

The intruder may also be exposed to a release of volatile radionuclides (e.g., H-3, C-14,
1-129) from the drill cuttings and contaminated well water. These pathways include:

Direct plume shine
Inhalation
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which could be exhumed by animals, and the bio-intrusion scenario does not require
further analysis.

42429 Chronic Intruder-Agricultural Scenario

Table 4.2-39 was prepared to provide a list of all the FTF exposure pathways identified as
candidates for detailed analysis. The list of candidates was developed based on a review
of SRS PA analyses and NRC documents. [CBU-PIT-2005-00146, NUREG-0782,
NUREG-0945, NUREG-1573] Those human activities at SRS that could bring humans
in contact with stabilized contaminants (e.g., water use, hunting, fishing, recreational
activities such a swimming and boating, habitation in dwellings, other unique activities
that involve water use or ground disturbance) were considered (with emphasis on local
practices), to ensure that any pathways unique to the SRS site were taken into account.
Those potential pathways that had quantitative analysis are denoted with an “X” for the
various receptors. Quantitative analysis was not performed for potential pathways
denoted with an “O”, based on the applicable justifications provided throughout this
section. NUREG-1854 states that transport pathways may be excluded from performance
analysis if it can be demonstrated that either there is limited potential for radionuclides to
be released into a particular pathway, or the pathway is not viable (e.g., water is not
potable). Other pathways were excluded due to the nature of the scenario making them
impossible (e.g., a garden that receives 100% of its irrigation water from a well can’t also
receive water from a stream).

The following assumptions were made regarding the pathways related to the intruder
scenario using water from a well or

= Inputs and Assumptions Related to
stream.

the Intruder Release Pathways

o The stabilized contaminant release mechanisms to the intruder are well
drilling into ancillary equipment, leaching of stabilized contaminants to the
groundwater, and volatilization of the stabilized contaminants to the surface.
Well drilling into a waste tank is not considered a credible release mechanism,
since local practices would cause a well driller to choose a new location
before the stabilized contaminant waste tank inventory was disturbed. The
local well drillers expect to reach good drinking water aquifers- at no more
than 150 to 200 feet while drilling through sandy soil (no drilling through
high-strength geologic materials). A driller would not expend the effort and
equipment damage required to drill through the concrete/grout/steel covering
the stabilized contaminant waste tank inventory. Even if the driller did not
realize that he had struck a waste tank, and simply thought he had merely hit a
layer of high-strength geologic materials, local experience would tell him that
moving the drill site a short distance would avoid the impediment. Similarly,
well drilling through a transfer line is also unlikely, especially while the line
maintains some structural integrity. Nevertheless, as a bounding case for the
purposes of this exercise, it has been assumed that a well driller could drill
through an intact transfer line immediately after the end of institutional
control.
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o Well water will be used by the inadvertent intruder as a primary potable water
source (e.g., drinking water, showering) and is used as a primary water source
for agriculture (e.g., irrigation, livestock water).

e The inadvertent intruder can use a nearby stream for recreational activities
(e.g., swimming, fishing).

e Any wild game ingested (deer, wild pigs) would merely offset ingested
livestock, and would result in a lower total dose since the livestock raised near
FTF would be more affected by FTF stabilized contaminants than transient
wild game.

e There are two creeks (UTR and Fourmile Branch) from which ingestion of
marine life with significant contamination is possible. These creeks were
conservatively assumed to be a source of dietary fish, but shellfish were
excluded because UTR and Fourmile Branch are not significant sources of
edible shellfish and shellfish play an insignificant role in local diets in relation
to other ingested contributors to dose such as livestock, milk, and vegetables.
[WSRC-TR-2005-00201, WSRC-STI-2007-00004]

e Since there is no substantive water source readily available at the well site,
pathways related to water-related commercial activities were not considered.
Based on the relative proximate of a large, natural water source (i.e., the
Savannah River), it is not assumed that a man-made body of water would be
created at the MOP resident site.

e The showering inhalation and fish ingestion doses were not explicitly included
in the intruder dose. These doses were calculated as part of the MOP
pathways and their impact on the intruder peak dose is insignificant in
comparison to the drill cutting contribution.

e The quantities of water ingested during the relatively short activities of
showering (10 min/day) and swimming (8.9 hr/year) are negligibly small and
are not be addressed independently. The impact of these activities is
addressed by the “direct ingestion of well water” pathway (i.e., they are
included in the 337 liters of water that is assumed to be ingested every year).
[WSRC-STI-2007-00004]

e The dose associated with dermal absorption of radionuclides is insignificant
because, unlike some chemicals, radionuclides are generally adsorbed into the
body very poorly. Tritium is an exception to this rule, but tritium is found in
such relatively small concentrations in the groundwater that it would not be a
significant contributor to dose.
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4.3 Modeling Codes

In the process of completing the PA for the FTF, a variety of modeling codes were utilized to
perform various media transport, radiological dose and risk assessment calculations for
compliance with 10 CFR 61 performance objectives and risk evaluations supporting CERCLA.
[http://www.access.gpo.gov/uscode/title42/chapter103_.html] The purpose of this section is to
present the modeling codes used and describe the modeling code integration. A brief description
is provided for each modeling code, which includes the function of the code, available code
manuals or technical documents for the applicable code revision, reasons for selection of the
particular code and available QA documentation for the code. The results of the FTF PA will be
used during the CERCLA closure process and complement any additional evaluations necessary
using existing SGCP modeling methods for residual materials other than those in the waste tanks
and ancillary equipment.

4.3.1 Modeling Codes Used

The HELP model is a quasi-two-dimensional water balance model designed to conduct
landfill water balance analyses. The HELP model was used to generate water infiltration
estimates through the final closure cap for use in PA calculations at the SRS. HELP model
infiltration estimates form the input to subsequent flow and contaminant transport models.

4.3.1.1  Hydrologic Evaluation of Landfill Performance (HELP) Model

The HELP model requires the input of weather, soil and design data. It provides estimates of
runoff, evapotranspiration, lateral drainage, vertical percolation (i.e., infiltration), hydraulic
head and water storage for the evaluation of various landfill designs. United States Army
Corps of Engineers (USACE) personnel at the Waterways Experiment Station (WES) in
Vicksburg, Mississippi developed the HELP model, under an interagency agreement with the
EPA. [EPA-600-R-94-168b] As such, the HELP model is an EPA sanctioned model for
conducting landfill water balance analyses. HELP model version 3.07, issued on November
1, 1997, is the latest version of the model and was the version used for the FTF PA
calculations. The HELP model was used at SRS during the development of calculations
supporting the SPF and is the code used by SGCP during CERCLA closure evaluations.
[http://www access.gpo.gov/uscode/titled2/chapter103_.html, CBU-PIT-2005-00146,] While
other codes for closure cap infiltration calculations exist, the HELP model is a proven code
that is appropriate for use at SRS. It is public domain software available from the WES
website at: http://el.erdc.usace.army.mil/products.cfm?Topic=model&Type=landfill EPA and the
USACE have provided the following documentation associated with the HELP model:

e A user’s guide which provides instructions for HELP model use. [EPA-600-R-94-
168a] i

Engineering documentation provides information on the source language used to write the
code, the hardware necessary to operate the code, data generation methodologies available
for use, and the methods of solution. [EPA-600-R-94-168b]
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HELP verification test reports exist which compare the model’s drainage layer estimates to
the results of large-scale physical models and comparing the model’s water balance estimates
to “field data from a total of 20 landfill cells at seven sites in the United States”. [EPA-600-
2-87-049, EPA-600-2-87-050]

The Closure Cap Concept and Infiltration Estimates report discusses eight water balance and
infiltration studies that have been conducted in and around SRS by various organizations,
including SRNL, USGS, State University of New York at Brockport, Pennsylvania State
University, University of Arizona, and the Desert Research Institute. Findings from eight
such studies are reported in Section 3.2.1 and summarized in Section 3.2.2 of the closure cap
report. The summary shows that evapotranspiration dominates the water balance distribution
of precipitation at the SRS. [WSRC-STI-2007-00184 OUO — Sections 3.2, 3.2.1, 3.2.2]

In summary, additional comparison studies to support HELP appropriateness in humid
environments are not needed since the limitations of the software result in conservative
infilatration estimates. An action to update the HELP code with more sophisticated software
to further enhance PA modeling has been placed on the open items log in WSRC-STI-2007-
00184 _OUO.

SQAP for the HELP model version used for the FTF PA calculations is documented within
Q-SQA-A-00005.

4.3.1.2 PORFLOW

PORFLOW is a commercial Computational Fluid Dynamics (CFD) tool developed by
Analytic & Computational Research, Inc., website available at:
http://www.acricfd.com/software/porflow/, PORFLOW numerically solves problems involving
transient or steady state fluid flow, heat, salinity and mass transport in multi-phase, variably
saturated, porous or fractured media with dynamic phase change. PORFLOW was used in
FTF PA modeling to calculate fluid flow and contaminant transport in the vadose and
saturated zones. PORFLOW transport results were utilized by subsequent modeling codes to
calculate radiological doses and perform human health and ecological risk evaluations.
PORFLOW flow results were also utilized by GoldSim to conduct contaminant transport via
another computational tool. Another use of PORFLOW was to calculate vapor phase
radionuclide diffusion to the ground surface from stabilized contaminants material for use in
air transport calculations. Figures 4.3-1 and 4.3-2 illustrate the integration of PORFLOW in
the modeling efforts and provides additional detail of the integration and steps of PORFLOW
calculations for fluid flow and contaminant transport.

PORFLOW options include porous/fractured media may be anisotropic and heterogeneous,
arbitrary sources (injection or pumping wells) may be present and, chemical reactions or
radioactive decay may take place. PORFLOW accommodates alternate fluid and media
property relations and complex and arbitrary boundary conditions. The geometry may be 2D
or 3D, Cartesian or Cylindrical and the mesh may be structured or unstructured, giving
maximum flexibility to the user. PORFLOW version 6.10.3 was used for PA porous medium
flow and transport analyses because its capabilities met program needs, core software
functions have been verified through vendor and QA testing, and SRS personnel are
experienced in applying PORFLOW in PA analyses. PORFLOW was used at SRS for
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calculations supporting the SPF and used by Idaho National Engineering and Environmental
Laboratory (INEEL) for analyses supporting closure of the Tank Farm Facility. [CBU-PIT-
2005-00146, DOE-ID-10966] For the FTF PA, PORFLOW is an appropriate code because it
can accommodate calculations in both the saturated and unsaturated zones and more
importantly has the ability to simulate first-order decay and progeny in-growth associated
with radionuclide chains, which is necessary for calculations involving radioactive stabilized
contaminant disposal.

Analytic & Computational Research, Inc. has provided the following documentation
associated with PORFLOW:

e A user’s guide (ACRi-2002) which provides instructions for PORFLOW use.
e Validation data for PORFLOW (ACRi-1994).

SQAP for the PORFLOW version used for the FTF PA calculations is covered by WSRC-
SQP-A-00028 and G-TR-G-00002.

Design check of the data used for the performance of the PORFLOW modeling is
documented in SRT-ESB-2007-00046 and all technical findings have been satisfactorily
resolved. The scope of the design check includes:

¢ Vadose zone flow input,
» Vadose zone transport input, and
o Agquifer transport input.

4.3.1.3  GoldSim

GoldSim is a commercial program developed by GoldSim Technology Group LLC (GTG)
that is a user-friendly and highly graphical, Windows-based program for carrying out
dynamic, probabilistic simulations of complex systems to support management and decision-
making in engineering, science and business.

GoldSim was used to assist in developing uncertainty analyses for the FTF PA and
identifying from the parameters modeled in GoldSim the important input parameters in the
groundwater transport model. GoldSim utilized the flow field outputs from PORFLOW to
perform transport calculations and subsequent dose calculations for evaluation of input
parameter importance and calculation uncertainties. GoldSim was also used to evaluate
parameter importance while developing the initial model for PORFLOW and provide
feedback to the PORFLOW modelers on focus areas requiring additional attention. GoldSim
was also used to perform all-pathways and intruder analyses by utilizing the contaminant
transport results from PORFLOW to calculate groundwater pathways and inadvertent
intruder doses. Figures 4.3-1 and 4.3-2 illustrate the integration of GoldSim in the modeling
efforts and provides additional detail of the integration and steps of GoldSim calculations for
fluid flow and contaminant transport.
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Figure 4.3-1: FTF PA Modeling Code Integration
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Figure 4.3-2: FTF PA Modeling Code Integration — Details of Water Flow and Transport
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GoldSim was designed to facilitate the construction of large, complex models. The user can
build a model of a systém in a hierarchical, modular manner, such that the model can evolve
and add detail as more knowledge regarding the system is obtained. Other features, such as
the ability to manipulate arrays, the ability to “localize” parts of a model, and the ability to
assign version numbers to a model which is constantly being modified and improved, further
facilitate the construction and management of large models. GoldSim has an extensive
internal database of units and conversion factors allowing the user to enter data and display
results in any units and/or define customized units. GoldSim ensures dimensional
consistency in models and carries out all of the unit conversions internally eliminating the
need to carry out (error-prone) unit conversions. The user can dynamically link external
programs or spreadsheets directly into a GoldSim model. In addition, GoldSim was
specifically designed to support the addition of customized modules (program extensions) to
address specialized applications.

GoldSim version 9.60 is used for PA porous medium transport and dose analyses because its
capabilities meet program needs, allows for ease of input changes and output visualization
and is used by other DOE sites (e.g., Nevada Test Site, Yucca Mountain) and the NRC.

GTG has provided the following documentation associated with GoldSim:

e A user’s guide which provides instructions for GoldSim use [GTG-2006a]
e Validation data for GoldSim [GTG-2006b]

SQAP for GoldSim is covered by G-SQA-A-00011.
4.3.1.4 CAP-88

CAP-88 is an EPA code that uses atmospheric dispersion modeling for assessing dose and
risk due to radionuclide emissions to the air. CAP-88 was used in the FTF PA to estimate
annual dose to Maximally Exposed Individuals (MEI) considering plume and ground
gamma-shine, inhalation and foodstuff ingestion pathways using the vapor phase
radionuclide diffusion to the surface results from PORFLOW.

CAP-88 was developed by the EPA and is used to demonstrate compliance with 40 CFR 61
National Emissions "Standards for Hazardous Air Pollutants (NESHAPs), Subpart H,
National Emission Standards for Emissions of Radionuclides other than Radon from
Department of Energy Facilities. CAP-88 uses a modified Gaussian plume equation to
estimate the average dispersion of radionuclides released from up to six sources at the same
release location with different release heights. Assessments are done for a circular grid with
a radius up to 50 miles. Version 1.0 is still in use today at SRS because prior personal
computer versions of CAP-88 do not allow for adjustment of site-specific parameters of
significance to SRS and CAP-88 is an accepted model already being used "at SRS for
NESHAP compliance. CAP-88 was used at SRS during the calculations supporting the SPF,
1s the code used by SGCP during CERCLA closure evaluations and used by INEEL during
the calculations supporting their Tank Farm Facility. [CBU-PIT-2005-00146, DOE-ID-
10966]
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The following documentation associated with CAP-88 is available:

e A user’s manual (CAP-88) which provides instructions for use

SQAP for the CAP-88 version used for the FTF PA calculations is covered by Q-SQP-A-
00002.

4.3.2 Software QA and Validation

General WSRC requirements for QA are described in WSRC Manual 1Q Quality Assurance. |
The software QA implementation reports are referenced for the specific software codes in
Section 4.3.1. The hierarchy of WSRC documents is described as follows:

Management Policy (MP) 4.2 contains the WSRC
President’s policy statement regarding the Company’s
WSRC-1-01 commitment to provide products and services which
Management Policies (MP) meet or exceed the requirements and expectations of
Policy 4.2, "Quality Assurance” | our customers. [WSRC 1-01, 4.2] The WSRC QAP is
to be implemented in a manner to support
implementation of WSRC imperatives of safety,
disciplined operations, cost effectiveness, continuous
improvement, and teamwork. WSRC has established and implemented an Integrated
Safety Management System (ISMS). The QA program is consistent with, and an integral
part, of the WSRC ISMS. The policy requires that the program include appropriate
procedures to comply with legal, regulatory, contractual, and corporate requirements
related to quality. The policy also requires that the WSRC QA program comply with
DOE O 414.1B, 10 CFR 830, Subpart A, and the WSRC QAP. [WSRC 1-01, MP 4.2]
The QA Program applies in a manner which contributes to the safe, reliable, and
environmentally sound operation of the SRS. It incorporates a graded approach
commensurate with risk in the definition and application of QA/Quality Control (QC)
requirements. The QAP provides for the prevention of errors as well as the detection and
correction of deficient conditions and incorporates an assessment process for identifying
opportunities for continuous improvement. The focus of quality improvement is to
reduce the variability of every process that influences the quality and value of the WSRC
products or services.

The WSRC Quality Assurance Management Plan
WSRC-RP-92-225 (QAP) describes the requirements and responsibilities
"Quality Assurance for execution of the WSRC QA Program for
Management Plan* implementing DOE O 414.1B, and 10 CFR 830,
Subpart A. [WSRC 1-01, MP 4.2] Quality Assurance
Requirements For Nuclear Facility Applications and
other consensus standards are used in the development
of the WSRC QAP. [ASME NQA-1-2004, ASME NQA-1a-2005, ASME NQA-1b-
2007] The plan has been jointly approved by WSRC and Department of Energy —
Savannah River Operations Office (DOE-SR) and serves as the basis for the
establishment of the procedures.
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This manual provides the structure and procedures for
achieving and verifying the WSRC requirements for
WSRC Manual 1Q quality. The manual consists of a series of QA
"Quality Assurance Manual' Procedures which describe applicable QA requirements.
Furthermore, WSRC Manual 1Q states:

“The WSRC QA Program has been developed to be
responsive to the requirements of DOE O 414.1B, and
DOE Safety Rule Title 10 CFR 830, Subpart A.
Because of the size and complexity of the SRS and its varied products, services, and
missions, the program has been defined in a standard framework of company policy,
procedures, and instructions to be used by the implementing organizations to perform
quality-related activities. These documents shall, as a minimum, include all of the
requirements of WSRC-RP-92-225 criteria for which the implementing organizations
have responsibility.”

For WSRC, the QA implementing procedure for
performing reviews of technical work is found in
WSRC E7 Manual, 2.60. The end use of data drives
the level of review required. Design Verification, the
highest level review, must be performed for work
affecting Safety Significant (SS) / Safety Class (SC)
systems. Design Check is the next lower level of ‘
review and is required for all Production Support (PS)
and General Service (GS) design output documents.
Because the work associated with the PA and associated documents are not associated
with SS or SC systems, the Design Check represents the appropriate level of rigor.

WSRC E7 Manual
“Conduct of Engineering Manual"

A design checker assures the technical accuracy of the design document by performing
the following Design Check activities:

A mathematical check, if appropriate;

A review for correct use of technical input, including quality requirements;
A review of the approach used and reasonableness of the output; and

An administrative check (page numbers, etc.)

A design checker must meet the following criteria to perform a Design Check:

e Did not participate in the development of the portion of the document being
checked;
e Is knowledgeable in the area of the design or analysis for which they review;
e Is capable of performing similar design or analysis activities; and

e Has security clearance for access to sufficient information to perform the Design
Check.

Between 2002 and 2004 SRNL developed, piloted and then implemented technical
review guidelines incorporating the E7 Manual requirements for performing Design
Checks and Design Verification by document review. These guidelines also meet the ‘
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requirements for review of Type 2 Calculations contained in WSRC E7 Manual, 2.31.
The guidelines provide a flowchart to map the SRNL technical review process, lines of
inquiry for performing reviews, a checklist for communicating instructions and best
management practices to set a benchmark for management expectations.

Software QA is conducted in accordance with the requirements of the WSRC 1Q Manual
through the development and execution of SQAP. This procedure fulfills the
requirements of DOE O 414.1.B and 10 CFR 830, Subpart A. The QA plans and
processes used by WSRC to verify the inputs and outputs for the different modeling
codes used are provided in the code specific descriptions in Section 4.3.1.

4.3.3 Modeling Codes Summary

In conclusion, Figures 4.3-1 and 4.3-2 present the approach to modeling code integration
used for the FTF PA. Of extreme importance in the implementation of the modeling
integration show in Figures 4.3-1 and 4.3-2 is assurance that the input data to the various
codes 1s verified to be accurate. Documentation of the verification of the model input traced
from source documents, to modeling input, and to appropriate sections within this PA has
been performed and is described in Appendix H of this document.

4.4 Closure System Modeling

This section describes how the FTF design elements and their associated properties were
represented in the computer modeling codes. The closure system conceptual design was an
aphysical simplification of the actual FTF system design, which is required for analytical
modeling. Certain waste tank features and design elements are by necessity omitted in the
conceptual model, and are discussed in Section 4.4.1.

This section also describes how the FTF closure system is expected to behave in the future, and
what modeling scenarios are used to depict system behavior over time. Because it is difficult to
predict with a high level of certainty just what changes may occur to a closed and grouted waste
tank system over the 10,000 year evaluation period, this section describes a range of potential
conditions to which a closed waste tank or ancillary system may be subjected. While the
baseline analysis (represented through the PORFLOW FTF model) reflected the best estimate of
future closure system behavior, the probabilistic analysis (represented through the GoldSim FTF
model) considered a variety of possible scenarios. In addition to analyzing differing scenarios in
the 10,000 year evaluation period, the transport models were all run to at least 20,000 years for
the purposes of determining peak concentrations that occur after the 10,000 year evaluation
period.
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4.4.1 Individual Waste Tank Modeling

Certain waste tank features and design elements have by necessity been omitted in the
conceptual model. The modeling representations are a simplification of the actual physical
infrastructure of the waste tanks, which are described in detail in Section 3.2.1. A number of
general modeling decisions guidelines were followed for the design representation:

4.4.1.1

The intent of the conceptual model was to capture waste tank dimensions and relative
material differences for each discrete tank segment.

Each discrete waste tank segment/area was represented as homogeneous, ignoring
interior elements (e.g., rebar, cooling coils) and/or penetrations through the area (e.g.,
tank risers, transfer lines).

Minimum segment thicknesses were used in the baseline analysis where an area had
variable thickness (e.g., waste tank walls, tank tops).

Grouting of tank void areas (e.g., waste tank primary, tank annulus, cooling coils) is
assumed to have occurred as planned.

Type I Tank Modeling

The Type I tank dimensions are presented in Figure 4.4-1. Specific areas where Type I tank
modeling decisions of interest are implemented are highlighted below:

The waste tank basemat segment was based on the basemat thickness and ignores
other material layers below the tank (i.e., concrete working slab, grout layer, lean
concrete layer, and waterproofing layer).

The primary liner and annulus liner are explicitly modeled.

The primary liner and annulus liner assumed thicknesses were based on the minimum
thicknesses only.

The waste tank wall and tank liner penetrations (i.e., transfer lines) were not modeled
discretely.

The waste tank primary cavity or liner was assumed to be filled with grout and was
treated as a discrete area.

The twelve waste tank support columns and cooling coils were not modeled discretely
and were included in the tank primary. The waste tank annulus was assumed to be
filled with grout and is treated as a discrete area.

The waste tank roof penetrations (i.e., risers) were not modeled discretely.

Concrete rebar in the waste tank top, tank walls, and tank basemat was not modeled
discretely, such that concrete was considered a homogenous material.

The waste tank underliner sump was not modeled discretely.
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To simulate potential conditions in the FTF closure system over the 10,000 year evaluation
period, six waste tank configurations and one ancillary equipment configuration were
identified for analysis. While only one configuration (Configuration A) was simulated in the
baseline analysis, the six different configurations were considered in the probabilistic
analysis. Each configuration starts out with the system closed as planned, with the tanks
filled with grout and the closure cap in place. In the time frames discussed, year 0 was taken
to be the year during which the FTF is closed.

Tank Configurations A through E start out with the engineered closure cap in place as
planned (Tank Configuration F assumed a “soil only” closure cap). In the analysis of
configurations A through E, expected degradation of the closure cap materials over time were
simulated using the increasing infiltration rates shown in Table 3.2-10. The waste release
process described in Section 4.2.2 and the conceptual model material properties described in
Section 4.2.3.2 were employed in each waste tank configuration evaluation. The differences
between the six waste tank configurations are summarized in Table 4.4-1 and are discussed
in detail in the following sections.

Page 379 of 736



Performance Assessment for the

SRS-REG-2007-00002

F-Tank Farm at the Savannah River Site Revision 0
June 27, 2008
Table 4.4-1: Waste Tank Configuration Summary
Assumed Fast Degradation of - . . Water Table
Case Closure Cap Flow Paths Cementitious Materials Liner Failure Time Level

A Engineered None Degradation curve based |Later failure date (based on Grouted No change
Closure Cap on Table 4.2-33 Diff coefficient of E-6 Ca) &

B Engincered None Degradation assumed to be {Later failure date (based on Grouted No change
Closure Cap a step change at year 501 |Diff coefficient of E-6 Ca) £
Engincered Chanpel with no Degradation assumed to be [Early failure date (based on Grouted

C flow impedance ! . No change
Closure Cap a step change at year 501 |Diff coefficient of E-4 Ca)

through grout
Channel with no :

D Engineered flow impedance [Degradation assumed to be [Early failure date (based on Grouted No change

Closure Cap | through grout and |a step change at year 501 [Diff coefficient of E-4 Ca) &
basemat
Engineered Degradation assumed to be |Early failure date (based on Grouted

E Closure Cap N/A a step change at year 501 |Diff coefficient of E-4 Ca) Above CZ

F Soil Only (16.45 None Degradation assumed to be |Later failure date (based on Grouted No change

in/yr infiltration) a step change at year 501 |Diff coefficient of E-6 Ca) &
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4.4.3 Evaluation of Integrated System Behavior

Upon the closure of FTF, there is an opportunity for the stabilized contaminants to leach
from distinct tank systems and ancillary equipment. The various individual system behaviors
that are evaluated have been presented for the Tank Configurations A through E (Figures 4.4-
5 through 4.4-9) and the Ancillary Equipment Configuration (Figure 4.4-10). The analysis of
the Base Case through the PORFLOW FTF model provided results reflecting the best
estimate of closure system behavior. These independent modeling scenarios for the FTF
waste tanks and ancillary equipment are melded together in the probabilistic analysis to
produce integrated results.

The saturated zone was gridded so that individual tanks and ancillary equipment point
sources can be individually resolved. Explicit representation of individual sources enables
investigation of potential plume overlap from separate sources. Integrated system behavior,
as measured by concentration at exposure points, was simulated by applying contaminant
flux transients for chosen tank types and configurations to appropriately located grid cells.

Provided below is a short description of the integrated conceptual model process flow for the
closure cap and saturated zone. The integrated conceptual model consists of different
segments, some of which were represented by independent sub-models. For example, the
waste release model developed different solubility limits for different chemical states; the
chemical state used in the model was determined in PORFLOW based on the PORFLOW

‘ calculated pore volumes. It should be noted that since the sub-models were developed
independently and may have different levels of conservatism, some shared input parameters
may have different values from sub-model to sub-model. For example, the diffusion
coefficient is different between the concrete degradation evaluation and waste tank liner
failure evaluation. While the coefficient in the base case waste tank liner evaluation (Section
4.2.3.2.5) is a more expected value, the concrete degradation evaluation (Section 4.2.3.2.3)
chose a very high coefficient to conservatively estimate degradation rates. Emphasis was
placed on ensuring that individual sub-models are defensible, and the fact that two model
segments may assume different values for the same parameter was not considered significant
if the sub-models are valid and defensible.

The model process flow description below describes how each individual model segment is
integrated into the entire model and how its behavior is depicted. The Configuration A (base
case) and Configuration D (fast flow case) timelines associated with the various model
segments for the different tank types are provided in Tables 4.4-2 through 4.4-5.
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Table 4.4-2: Type I Waste Tank Process Change Timeline

Year of Occurrence

Change in Model Parameters - -
Configuration A | Configuration D

Concrete (waste tank top, sides, basemat, etc.) starts to
degrade hydraulically 1,300 500
Waste tank roof concrete transitions from Oxidized Region
II to Oxidized Region IIT 1,600 1,600
Waste tank grout starts to degrade hydraulically 2,600 500
Concrete fully degraded hydraulically 2,600 501
Closure Cap reaches approximate steady state infiltration
rate (11.5 in/yr) 2,625 2,625
Waste tank wall concrete transitions from Oxidized Region
II to Oxidized Region II1 3,300 15,500
Waste tank annulus concrete transitions from Reducing
Region II to Oxidized Region II 5,000 2,200
Waste tank annulus concrete transitions from Oxidized
Region II to Oxidized Region III 9,000 20,000
Waset tank basemat concrete transitions from Oxidized
Region II to Oxidized Region III 10,000 2,200
Waste tank steel liner fails hydraulically 12,747 1,140
Waste tank grout fully degraded hydraulically 13,000 501
Waste tank grout transitions from Reducing Region II to
Oxidized Region I1 15,500 3,600
CZ transitions from Reducing Region II to Oxidized
Region I1 15,500 1,140
Waste tank grout transitions from Oxidized Region II to
Oxidized Region 111 20,000 15,500
CZ transitions from Oxidized Region II to Oxidized
Region 111 20,000 1,140
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Table 4.4-3: Type 111 Waste Tank Process Change Timeline

Change in Model Parameters Yei,". of Occurrence -
Configuration A | Configuration D

Concrete (waste tank top, sides, basemat, etc) starts to
degrade hydraulically 2,500 500
Closure Cap reaches approximate steady state
infiltration rate (11.5 in/yr) 2,625 2,625
Waste tank roof concrete transitions from Oxidized
Region II to Oxidized Region 111 2,800 2,200
Waste tank grout starts to degrade hydraulically 5,000 500
Concrete fully degraded hydraulically 5,000 501
Waste tank wall concrete transitions from Oxidized
Region 1I to Oxidized Region III 7,000 20,000
Waste tank steel liner fails hydraulically 12,751 2,077
Waste tank annulus concrete transitions from Reducing
Region II to Oxidized Region II 13,750 5,500
Waste tank basemat concrete transitions from Oxidized
Region II to Oxidized Region III 14,250 3,600
Waste tank grout transitions from Reducing Region II

‘ to Oxidized Region II 15,500 5,500
CZ transitions from Reducing Region II to Oxidized
Region II 15,500 2,077
Waste tank grout fully degraded hydraulically 18,900 501
Waste tank annulus concrete transitions from Oxidized
Region II to Oxidized Region 111 20,000 20,000
Waste tank grout transitions from Oxidized Region 11
to Oxidized Region 111 20,000 20,000
CZ transitions from Oxidized Region II to Oxidized
Region 111 : 20,000 2,077
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Table 4.4-4: Type IIIA Waste Tank Process Change Timeline

Change in Model Parameters

Year of Occurrence

Configuration A | Configuration D
Concrete (waste tank top, sides, basemat, etc) starts to
degrade hydraulically 2,400 500
Closure Cap reaches approximate steady state infiltration
rate (11.5 in/yr) 2,625 2,625
Waste tank roof concrete transitions from Oxidized
Region II to Oxidized Region 111 2,800 2,200
Waste tank grout starts to degrade hydraulically 4,800 500
Concrete fully degraded hydraulically 4,800 501
Waste tank wall concrete transitions from Oxidized
Region II to Oxidized Region 111 6,000 20,000
Waste tank steel liner fails hydraulically 12,751 2,077
Waste tank annulus concrete transitions from Reducing
Region II to Oxidized Region 11 13,750 5,500
Waste tank basemat concrete transitions from Oxidized
Region II to Oxidized Region 111 14,250 3,600
Waste tank grout transitions from Reducing Region II to
Oxidized Region II 15,550 5,500
CZ transitions from Reducing Region II to Oxidized
Region 11 15,550 2,077
Waste tank grout fully degraded hydraulically 18,700 501
Waste tank annulus concrete transitions from Oxidized
Region II to Oxidized Region 11 20,000 20,000
Waste tank grout transitions from Oxidized Region II to
Oxidized Region 111 20,000 20,000
CZ transitions from Oxidized Region II to Oxidized
Region III 20,000 2,077
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Table 4.4-5: Type IV Waste Tank Process Change Timeline

Change in Model Parameters Yez.ur of Occurrence -
Configuration A | Configuration D

Concrete (waste tank top, sides, basemat, etc) starts to
degrade hydraulically 400 500
Waste tank roof concrete transitions from Oxidized
Region II to Oxidized Region III 800 1,000
Waste tank grout starts to degrade hydraulically 800 500
Concrete fully degraded hydraulically 800 501
Waste tank wall concrete transitions from Oxidized
Region II to Oxidized Region 111 600 1,000
Closure Cap reaches approximate steady state infiltration
rate (11.5 in/yr) 2,625 2,625
Waste tank steel liner fails hydraulically 3,638 75
Waste tank basemat concrete transitions from Oxidized
Region II to Oxidized Region 111 4,600 1,000
Waste tank grout transitions from Reducing Region II to
Oxidized Region 11 10,500 5,500
CZ transitions from Reducing Region II to Oxidized
Region 11 10,500 400
Waste tank grout transitions from Oxidized Region II to
Oxidized Region III 20,000 20,000
CZ transitions from Oxidized Region II to Oxidized
Region 111 20,000 600
Waste tank grout fully degraded hydraulically 20,000+ 501

The Simplified model flow process for a single waste tank is provided below.

4.4.3.1 Closure Cap

A flow rate leaving the closure cap over time is determined in the closure cap sub-model.
The infiltration rate into the closure cap top is based on the rainfall rates and the closure cap
material properties (which are discussed in detail in Section 4.2.3.2.1). The flow rate out of
the cap is calculated using the HELP code, with the closure cap modeled as degrading over
time. The flow rate through the closure cap reaches a steady state value at approximately
year 2500. Table 3.2-10 provides the time-variant infiltration rates based on the closure cap
analysis presented in Section 3.2.4.

4.4.3.2 Waste Tank Top

The flow leaving the closure cap travels to the waste tank, with the flow rate being affected
by the concrete tank top. Based on the relative hydraulic properties of the two materials (soil
vs. concrete), some flow is directed around the waste tank into the surrounding soil, while
some flow travels downward through the concrete. The concrete material properties (which
are discussed in detail in Section 4.2.3.2.3) are modeled as changing over time. The only
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waste tank top material properties of concern are the hydraulic properties, since the tank top
impacts flow but does not retard contaminant transport (contaminant transport is only
modeled as occurring near the CZ at the bottom of the tank). The waste tank top hydraulic
properties are defined initially and in the fully degraded state, and a cementitious materials
degradation analysis was performed to determine the time it would take to reach the fully
degraded state (Table 4.2-32). Once the initial and end state times are set, the model assumes
linear degradation of the hydraulic properties over time.

4.4.3.3 Waste Tank Top Liner

After passing through the concrete waste tank top, flow leaving the cap travels into the tank
grout (for Type IV tanks and Type I/III/IIIA tanks after liner failure), or reaches the top of
the tank liner and is deflected away from the tank (for Type I/III/IIIA tanks before liner
failure time). The liner failure time was determined by an independent sub-model analysis
(described in Section 4.2.3.2.5) for each tank type (the Type IV tanks do not have a top
liner). Prior to failure the liner is modeled as being impermeable to both advection and
diffusion. After failure, the liner has no further impact in the model.

4.4.3.4 Waste Tank Grout

Water enters the top of the waste tank grout and travels downward to the CZ at the bottom of

the tank. The waste tank grout material properties (e.g., hydraulic conductivity, K s, which

are discussed in detail in Section 4.2.3.2.3) are modeled as changing over time. In some
configurations used in the sensitivity analyses (Section 4.4.2), fast flow paths through the .
grout are modeled resulting in a higher flow rate through the grout. The hydraulic properties

are defined initially and in the fully degraded state, and a cementitious materials degradation

analysis was performed to determine the time it would take to reach the fully degraded state

(Table 4.2-32). Once the initial and end state times are set, the model assumes linear

degradation of the grout hydraulic properties over time.

Table 4.2-33, provides K, values for cementitious materials as a function of aging, with the
grout “age” dependent on the pH of the concrete pore water, which in turn is dependent upon
the amount of water (number of pore volumes) that has passed through the concrete over
time. A description of pore water chemistry modeling is provided in the Section 4.4.3.5.

The grout material properties of principal concern are the hydraulic properties, since the only
time the K, values are a factor in the model are when contaminants move upward from the
CZ into the grout. The only time frame in which upward contaminant transfer is significant
is for the Type IV tanks, which do not have a top steel liner, so that prior to liner failure, flow
into the Type IV tanks may be contained, forcing contaminants to flow upwards into the
grout. The contaminant transport is impacted by the K, values as it moves into and out of the
grout. The grout hydraulic properties influence the water flow rate through the waste tank.
The earlier the grout degrades, the earlier the flow rate through the waste tank reaches a
steady state maximum flow.

4.4.3.5 Contamination Zone

In the model, the waste tank residual inventory is assumed to be contained within a thin layer
(i.e., the CZ) at the bottom of the tank. The release rate of contaminants from the CZ is ‘
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solubility controlled and is tied to the chemical properties (e.g., Eh, pH) of the tank pore
water. The release rate from the CZ is independent of the grout or CZ Ks. The assumed
solubility limit varies depending on waste tank pore water chemistry and the controlling
phase of the radionuclide being released. Different solubility limits for different waste tank
chemistries were derived for the radionuclides in the CZ (as discussed in Section 4.2.2).
Additional emphasis and analysis was placed on those radionuclides shown during initial
modeling to have the most impact on peak dose (Pu, Np, U, Tc), including an uncertainty
study and development of stochastic distributions for alternative controlling phases (Section
4.2.2.3).

As pore volumes pass through the waste tank, the pH and reducing capability of the grout is
affected. The number of pore water volumes passing through the waste tank and the
corresponding transitions to different tank chemistry conditions is included in the FTF
modeling. As part of the waste release modeling (discussed in detail in Section 4.2.2), the
estimated transition times between various chemical phases was calculated for the waste tank
pore water. The waste tank pore water chemistry was calculated to change from Region II
Reduced conditions (Middle Age Reducing) to Region II Oxidized conditions (Middle Age
Oxdizing) after 371 pore volumes have passed through the reducing grout. The change from
Region II conditions (Middle Age) to Region III conditions (Old Age) was calculated to
occur after 2,063 pore volumes (Table 4.2-1).

4.4.3.6 Tank Liner Sides and Bottom

After leaving the CZ and entering the tank pore water, the tank contaminants do not leave the
tank until the tank liner fails. For the Type IV tanks (which do not have a top liner) waste
leaving the CZ can migrate into the waste tank grout (based on the grout properties) since it
can’t flow downward. The liner failure time was determined by analysis for each tank type,
with both the primary and secondary liner (where applicable) failing at the same time. While
it utilizes many of the same assumptions, the tank liner analyses calculate failure times
independent of the flow and transport model. As discussed in Section 4.4.3.3, when the liner
fails, it is assumed to fail completely, with the modeled failed liner layer having no further
impact in the model.

4.4.3.7 Basemat

After contaminants exit the waste tank liner, they enter the concrete tank basemat located
directly below the liner. The waste tank grout material properties (which are discussed in
detail in Section 4.2.3.2.3) are modeled as changing over time. The material properties of the
concrete impact both the flow rate through the basemat and the K; value. The hydraulic
properties are defined initially and in the fully degraded state, and a cementitious materials
degradation analysis was performed to determine the time it would take to reach the fully
degraded state (Table 4.2-32). Once the initial and end state times are set, the model assumes
linear degradation of the basemat hydraulic properties over time. In some sensitivity
configurations, fast flow paths through the basemat are modeled resulting in a higher flow
rate through the basemat.

Contaminant transport is retarded by the basemat concrete, with some radionuclides being
slowed greatly depending on their K;s. Table 4.2-33, provides K, values for cementitious
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materials as a function of aging, with the grout “age” dependent on the pH of the concrete
pore water, which in turn is dependent upon the amount of water (number of pore water
volumes) that has passed through the concrete over time. A description of pore water
chemistry modeling is provided in the Section 4.4.3.5. As the waste tank chemistry changes,
the concrete transitions from young (Region I) to middle (Region II) to old (Region III), and
the associated material properties are modeled as changing.

4.4.3.8 Vadose Zone Beneath the Waste Tank

After contaminants exit the basemat, they enter the vadose zone (e.g., soil) beneath the waste
tank, which is discussed in detail in Section 4.2.3.2.2. The vadose zone material properties
impact both the flow rate through the soil and the associated K, values, with both being
important to the model. The vadose zone depth below each waste tank can vary depending
on the tank involved, as shown in Table 4.2-23. The vadose zone material properties are not
modeled as changing over time. In the probabilistic model however, the vadose zone
thickness was allowed to vary, which did impact transport time through the soil. The
working slabs under waste tank basemats were not explicitly modeled and instead were
simply assumed to be soil. Given the thinness of the working slabs relative to the waste tank
basemats, as well as the the possibility of cracks in the working slabs, it is appropriate to
disregard the working slabs in modeling contaminant transport through the waste tank bottom
and basemat into the vadose zone.

444 Modeling Process

Figure 4.4-11 illustrates the genefal process followed in implementing the ISCM and
presents the three component models and their key inputs.

Some inputs, as indicated by the legend on Figure 4.4-11, involved fixed parameters that do
not change over time. These are generally shown on the left side of the figure. The inputs on
the right side of the figure do change over time.

As shown in Figure 4.4-11, and as explained previously, six waste tank configurations and
one ancillary equipment configuration were used for the probabilistic model runs, which are
accomplished using the applicable computer codes identified in Section 4.3. These
configurations are analyzed by running the model using different combinations as discussed
above. The PORFLOW FTF model was used to simulate the flow behavior for the six
configurations. The baseline results are reflected through Tank Configuration A PORFLOW
FTF contaminant transport modeling. Sensitivity and uncertainty analyses were also
performed using the multiple configurations and variations of the individual parameters
modeled as part of a configuration. The GoldSim model used the PORFLOW FTF model
flow results and other parameter distributions to provide a range of possible outcomes, and to
identify those parameters of most interest.

The Base Case analysis provided baseline contaminant concentrations in groundwater and
surface water. The data for radiological contaminants was used in combination with the
inputs related to receptor dose shown on Figure 4.4-11 to calculate impacts on various
receptors. The data for non-radiological contaminants was used as specified in Section 4.8 to
determine the resulting risk.
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The most interesting containers, hosting the bulk of the model’s calculations, are
outlined here and are described in greater detail in the following sections.

More

Materials contains definitions for the list of contaminant Species
(radionuclides as well as a few stable contaminants of concern) the definition
of Water (including chemical solubilities) and all porous media that are used
in the model. Soil/water partition coefficients for the various media (defined
as GoldSim Solids) and their variations are part of this definition.

The Inventory container hosts GoldSim Data elements defining Species
inventories for each FTF waste tank and piece of ancillary equipment.
Environmental contaminant transport parameters are defined in the Transport
container. The FTF model currently considers only advection of water in
porous media, be it through the waste, the concrete pads below the bottom of
the waste tanks, or the geologic media comprising the unsaturated and
saturated zones. This container holds only the definitions of rates and other
transport-related parameters, but does not perform transport calculations.

The FTF contains 22 waste tanks, each defined in its own subcontainer within
TheTanks. Transport calculations are conducted within each of these
subcontainers, starting with the release of contaminants from the layer of
waste present at the bottom of each waste tank, following their transport
through the concrete pad and geologic media to specific exposure locations
where future humans may gain access to the contaminated groundwater.

The AncillaryEquipment container is similarly defined, but instead of waste
tanks each subcontainer represents a specific piece or collection of pieces of
ancillary equipment, such as evaporators and transfer lines that support
operations of the tanks.

PerformanceAnalysis contains a collection of results of interest. Once a
simulation is completed, the contents of this container should be examined to
evaluate the modeling endpoints (water concentrations and doses) and
determine their principal causes, for example, by tracing the results, the user
can evaluate which well, radionuclide, exposure pathway, and waste tank is
the most significant contributor to a specific endpoint for most users, this will
be the most interesting part of the model, and it is discussed in its own section
below. '

information on GoldSim fundamentals is available at the website

www.goldsim.com.

The GoldSim FTF modeling domain begins at the top of the waste layer and extends
to a hypothetical groundwater well located 100m from the FTF boundary. The flow
profiles used in the GoldSim FTF model to represent flow through the waste are
extracted from the PORFLOW FTF flow model, which allows for changes in the
closure cap, tank top, and tank grout to be reflected in the flow used. The model
contains all appropriate materials, concrete, soil, etc., as described in detail below.
The model is necessarily one-dimensional with downward flow represented in the
' unsaturated zone and predominantly horizontal flow in the saturated zone. The
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unsaturated zone is represented as a column underlying each particular item of
equipment (i.e., tank, evaporator, etc.) The transfer lines are represented as the entire
FTF area, since they traverse the site. '

The water inflow boundary condition, at the boundary of the bottom of the grout mass
in the tank and the top of the waste layer, is provided by PORFLOW runs. The
PORFLOW output is parsed to select data from approximately 1m under the concrete
basemat. Data at that elevation are sampled at five locations and a geometric average
of those values is used as the water flow boundary condition through the waste layer.
This is consistent with the assumption of continuity through the waste and concrete

 basemat. This flow is constant downward through the unsaturated zone, though it
changes in time as the grout fails hydraulically.

The water flow boundary condition for the saturated zone bulk flow is also provided
by the PORFLOW model. A single representative aquifer velocity was chosen. This
was a more difficult task than in the unsaturated zone because while the unsaturated
zone is essentially a one-dimensional flow (in PORFLOW) the saturated zone is
multidimensional. More about this is available in the GoldSim benchmarking
discussion (Section 5.6.2). The recharge flow is not considered in the saturated zone
flow as GoldSim does not impose a mass balance of materials (water in this case) but
only of Species.

A note regarding the mass balance of recharge water entering the saturated zone is in
order. Inspection of the flow of water through the GoldSim Cells that represent the ‘
aquifer immediately below the waste tank (e.g., in the Container\TheTanks\
Tank01\WasteFootprint) reveals that more water seems to be entering each Cell than

leaving. Inflows to each Cell include the regional aquifer flow and recharge from the

unsaturated zone within the waste footprint. Outflows include the same aquifer flow,

and an implied leakage of excess clean water, representing uncontaminated water

below the plume pushed down into the deeper aquifer, driven by infiltration. In

essence, the modeled flow is horizontal and constant, with contaminants added from

recharge into each Cell. This is preferred to an alternative implementation which

could balance the flow by explicitly transferring contaminated water to a sink
representing the lower aquifer. This would grossly overestimate vertical dispersion,

since each Cell is instantaneously mixed, and would not reflect the conceptual model

of a plume of limited thickness.

The GoldSim contaminant transport calculations are, however, perfectly valid in this
arrangement, assuming that the contaminant plume is fully mixed over the thickness
of the Cells. Further, the Cells are structured so that no contaminants may be
transported except within the Cell system. That is, while in reality water must enter
and exit any control volume (in this case, the collection of Cells) in equal quantities.
This is called the mass balance assumption. GoldSim is designed to assume the
volume of water in the Cell is dictated entirely by its Cell definition, paying no
attention to competing inflows and outflows. It is up to the modeler to assure that the
flows imposed on the Cell are physically correct. In this model, we take advantage of
GoldSim's design, which in effect ejects excess (clean) water from the Cell, without ‘
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calculated by PORFLOW (as discussed in Section 5.4.2), and does not assume any
stream dilution.

4.5  Airborne and Radon Analysis

The air and radon pathway analysis was conducted for the 10,000 year post-closure compliance
period. The analytical method chosen was a hybrid approach where most parameters were set to
their best estimate values (i.e., based on available site-specific measurements or engineering
judgment), while other parameters were set to conservative/bounding values. The conceptual
PORFLOW transport model used for the air and radon pathway analysis had imbedded within it
biases that were intended to be conservative where possible. The conceptual model used for the
air and radon pathway analyses were the same and the PORFLOW transport model used for both
pathways utilized the same input files.

Of the available four waste tank types, the Type I tank was chosen for this analysis. This
analysis did not consider any piping or ancillary equipment associated with the waste tanks. A
schematic of the Type I tank is shown in Figure 4.4-1. Of the four tank types, this tank type was
selected because it will have the least grout and concrete thickness above the stabilized
contaminant zone, which is located at the bottom of the waste tank. Additionally the minimum
closure cap thickness over the waste tanks was assumed for conservatism. These assumptions
should produce the maximum flux of gaseous radionuclides at the ground surface.

4.5.1 Air and Radon Pathway Conceptual Model

The approach taken focuses primarily on a Base Case where nominal settings for many of the
input parameters have been conservatively chosen. The main analysis tool employed was the
PORFLOW code which simulates the transport of radionuclide chains (i.e., parents and
daughters) in porous media. The flux of radioactive gasses at the land surface above the FTF
was evaluated for the closure configuration. [WSRC-STI-2007-00355 OUO] Gaseous
radionuclides within the CZ diffuse outward into the air-filled pore space of the overlying
materials. Ultimately, some of the radionuclides emanate at the land surface. As such, air is
the medium through which they diffuse. It was assumed that fluctuations in atmospheric
pressure at the land surface that could induce small pulses of air movement into and out of
the shallow soil profile over relatively short periods of time will have a zero net effect when
averaged over longer time periods. Thus, advective transport of radionuclides in air-filled
soil pores was not considered to be a significant process when compared to the rate of air
diffusion.

The closure cap, as described in WSRC-STI-2007-00184 OUO, consists of a top soil layer,
an upper backfill layer, an erosion barrier layer, middle backfill layer, lateral drainage layer,
a HDPE geomembrane, a GCL, an upper foundation layer, and a lower foundation layer.
The HDPE geomembrane and the GCL are excluded from this analysis. By excluding these
materials, the baseline air analysis was more conservative as these materials would be
expected to significantly reduce gaseous flux at the land surface. The HDPE geomembrane
would have very low gaseous diffusion coefficients and the GCL would have very little air-
filled porosity, since it would be at or near saturation. The top soil layer and the upper
backfill layer were also excluded from the baseline analysis, since they are located above the
erosion barrier and are therefore subject to erosion. For the purposes of this analysis, it was
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assumed that those components situated below the top of the erosion barrier (soil layers)
remain intact for the duration of the simulation.

The Type I tank includes primary and secondary steel liners situated above a layer of
basemat concrete as shown in Figure 4.4-1. The top of the waste tank is covered with a
concrete roof. For the baseline analysis, the model domain begins at the top surface of the
lower primary liner and extends through the stabilized contaminants to the top of the erosion
barrier. The baseline model excluded the upper primary steel liner. As with the exclusion of
the geomembrane and GCL, this should make the model more conservative because
including the steel liner would be expected to significantly reduce gaseous flux at the land
surface.

The total thickness of the waste tank, and cover materials (excluding the top soil, upper
backfill, geomembrane, GCL, and steel liner) is 36.33 feet (11.07m), with a stabilized
contaminant layer thickness of 1.0 feet (0.30m). The stabilized contaminant layer thickness
in this model differs from the groundwater model to provide additional conservatism
providing a shorter pathway to the surface. Table 4.5-1 lists the individual components of
the Type I tank and closure cap included in the analysis. Materials are indicated with the
associated thickness of each component, in inches, feet, and meters.

Table 4.5-1: Vertical Layer Sequence and Associated Thickness for FTF Type I Tank and
Cover Material

Layer Tl.lickness Thickness Thickness
(inches) (ft) (m)
Erosion Barrier 12 1.00 0.3048
Middle Backfill 12 1.00 0.3048
Lateral Drainage 12 1.00 0.3048
Upper Foundation 12 1.00 0.3048
Lower Foundation ' 72 (minimum) 6.00 1.83
Concrete Roof 22 1.83 0.56
Reducing Grout 282 23.5 7.16
]ij}i:ilzed Contaminants 12 1.00 0.3048

[Adapted from WSRC-STI-2007-00184_OUO]
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4.5.2 Air and Radon Pathway Diffusive Transport Model

A one-dimensional PORFLOW based diffusive transport model was created for the FTF
Type I tank Base Case.

The governing equation for mass transport of species & in the fluid phase is given by:

oC, o, oC

0
+—¥C)=—(D, —)+
Y ax,.(' i) axi( ,,axj) Vi
Where:

Cy concentration of species &, Ci/m®
\% fluid velocity in the i direction, m/yr
Dj; effective diffusion coefficient for the species, mz/yr
Yk net decay of species k, Ci/m’ yr
1, ] direction index
t time, yr
X distance coordinate, m

This equation is solved within PORFLOW to evaluate transient radionuclide transport above

the waste tank and to determine gaseous radionuclide flux at the land surface over time. For

this analysis, the advection term was disabled within PORFLOW and only the diffusive and
‘ net decay terms were evaluated. '

The boundary conditions imposed on the entire model domain included:

e No-flux specified for all radionuclides along sides and bottom
(0C/0X = 0 at x=0, x=1 and 8C/0Y = 0 at y=0)
e Species concentration set to 0 at land surface (top of erosion barrier)
(C =0 at y=Ymax)
These boundary conditions force all of the gaseous radionuclides to move upward from the
stabilized contaminant zone to the land surface. In reality, some lateral and downward
diffusion occurs in the air-filled pores surrounding the stabilized contaminant zone; hence
ignoring this lateral and downward movement has the effect of increasing the flux at the land
surface. This introduced some conservatism in the calculated results. Simulations were
conducted in transient mode for diffusive transport in air, with results being obtained over the
10,000 year period.

The initial condition imposed on the domain, except for the stabilized contaminant zone,
included:

e Species concentration set to 0 at time =0
(C=0 for 0 <x <1 at t=0 and C=0 for 0 <y < yyx at t=0)

For the air pathway analysis, the initial conditions for the model assumed a 1 Ci inventory of
each radionuclide uniformly spread over the stabilized contaminant zone. For the radon
pathway analysis, an emanation factor of 0.25 was applied resulting in an initial inventory of
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4.5.2.2  Material Zone Properties and Other Input Parameters

Material properties utilized within the one-dimensional numerical model were specified for
eight material zones defined within the model domain. Each material zone was assigned
values of particle density, total porosity, average saturation, air-filled porosity, air density,
and an effective air-diffusion coefficient for each source element or compound. An effective
air-diffusion coefficient was used for each radionuclide and material layer. Therefore,
tortuosity was assigned a unit value in each material zone. An air fluid density of 1.24E+3
g/m’ at standard atmospheric conditions was used in the transport simulations. [WSRC-STI-
2007-00355_0UO0O]

The stabilized contaminant layer was assumed to be 1 foot thick and confined to the bottom
of the waste tank. The waste tank is to be filled with a reducing grout (OPDEXE-X-P-0-BS)
from the existing specification, which is described in Section 3.2.3, and it was assumed that
the stabilized contaminant layer would have similar properties. The hydraulic and physical
properties of this mix are reported in WSRC-STI-2007-00369. Based on the results of this
testing, the stabilized contaminant layer and the reducing grout layer was assigned a particle
density of 2.51 g/cm’ and a total and air-filled porosity of 0.266. The concrete roof layer was
assumed to be similar to the basemat surrogate tested and reported in WSRC-STI-2007-
00369. This layer was assigned a particle density of 2.51 g/cm’® and a total and air-filled
porosity of 0.168. The stabilized contaminant layer, the reducing grout, and the concrete roof
were conservatively assumed to be dry (i.e., total porosity = air-filled porosity).

The foundation layer was divided into the upper and lower foundation layers. [WSRC-STI-
2007-00184_OUO] It is anticipated that the lower foundation layer will need to promote
drainage of infiltrating water away from and around the waste tanks, requiring a relatively
high saturated conductivity such as 1.0E-03 cm/sec. It is anticipated that the upper
foundation layer will consist of soil with a moderately low permeability (i.e., <1.0E-06
cm/sec) produced by blending typical SRS backfill with a small weight percent bentonite.
The particle density of the lower and upper foundation layers was assigned that of control
compacted backfill from WSRC-STI-2006-00198 (i.e., 2.63 g/cm’).

The particle density of the middle backfill layer was also assigned that of control compacted
backfill from WSRC-STI-2006-00198 (i.c., 2.63 g/cm’). The lateral drainage layer and
erosion barrier layer were assigned a particle density typical of quartz (i.e., 2.65 g/ cm’).

Infiltration through the closure cap materials over time as the closure cap degraded was
evaluated using the HELP model. [WSRC-STI-2007-00184 OUO] Values for total porosity
and volumetric moisture content for the closure cap materials and foundation layers were
taken from this analysis. These values were used to calculate the average saturation and the
air-filled porosity for the closure cap materials. The maximum air-filled porosity for each
material layer over the 10,000 year simulation was utilized, since this represented the greatest
air filled porosity in which a gas could diffuse.

Table 4.5-2 provides the values of particle density, total porosity, average saturation, and air-
filled porosity utilized for all the layers used in the baseline scenario (i.e., waste material
layer to the erosion barrier) for the simulation period.
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Table 4.5-2: Particle Density, Total Porosity, Average Saturation, and Air-Filled Porosity

by Layer for the FTF Type I Tank Baseline Scenario

v Partl.cle Total Porosity Average Alr-_fil!ed
Layer Density (fraction) Saturation Porosity

' (g/cm3 ) (fraction) (fraction)
Erosion barrier layer "> 2.65 0.150 0.84 0.024
Middle backfill layer “° 2.63 0.371 0.82 0.067
Upper Foundation layer >° 2.63 0.35 0.72 0.098
Lateral drainage layer *° 2.65 0.417 0.61 0.162
Lower Foundation Layer *° 2.63 0.457 0.28 0.328
Concrete Roof *’ ' 2.51 0.168 0.00 0.168
Reducing Grout >’ 2.51 0.266 0.00 0.266
Stabilized Contaminant Layer *’ 2.51 0.266 0.00 0.266

T

2

Particle density assumed to be that typical of quartz. [WSRC-STI-2007-00355_OUO]
Values for particle density taken as that of control compacted backfill from WSRC-STI-
2007-00184_OUO.

Total porosity, average saturation, and air-filled porosity values derived from WSRC-STI-
2007-00184 _OUO.

The concrete roof is assumed to be similar to the basemat surrogate as given by WSRC-STI-
2007-00369. Particle density and porosity taken from WSRC-STI-2007-00369.

Particle density and porosity of reducing grout taken from WSRC-STI-2007-00369.

The stabilized contaminant is assumed to have the properties of reducing grout.

The concrete roof, reducing grout, and stabilized contaminant layer are conservatively
assumed to be dry; therefore the average saturation is taken as 0 and the air-filled porosity is
taken as the total porosity.

4.5.3 Summary of Key Air and Radon Pathway Assumptions

The following are the key air and radon pathway analysis assumptions associated with the
FTF baseline scenario:

¢ The stabilized contaminant layer was represented as a 1 foot layer of material located
at the bottom of the waste tank.

o The stabilized contaminant layer was assumed to be dry and to have properties
similar to reducing grout.

o Exclusion of the top soil, upper backfill, HDPE geomembrane, GCL, and primary
steel liner of the waste tank make the model more conservative.

o The final closure cap as outlined with exclusions was assumed to remain intact for the
duration of the simulation.
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In this analysis, several conditions introduce conservatism into the calculations. These
include:

4.5.4

The use of boundary conditions that force all of the gaseous radionuclides to move
upward from the stabilized contaminant zone to the land surface. In reality, some of
the gaseous radionuclides diffuse sideways and downward in the air-filled pores
surrounding the stabilized contaminant zone, hence ignoring this has the effect of
increasing the flux at the land surface.

Not taking credit for the removal of radionuclides by pore water moving vertically
downward through the model domain. This mechanism would likely remove some
dissolved radionuclides, and therefore its omission had the effect of increasing the
estimate of instantaneous radionuclide flux at the land surface in simulations
conducted as a part of this investigation.

Exclusion of the HDPE geomembrane, the GCL, and the primary steel liner of the
waste tank. Inclusion of these materials in the model would significantly reduce the
gaseous flux at the land surface due to their material properties (i.e., low air-filled
porosity).

Exclusion of the cover materials above the erosion barrier (i.e., top soil and upper
backfill layers). Excluding these materials shortens the diffusion pathway and could
increase the flux at the land surface.

Assuming the stabilized contaminant layer, the reducing grout, and concrete roof are
dry. This makes the air-filled porosity equal to the total porosity. This maximizes
diffusive transport through these materials since gaseous flux is through the air-filled
porosity.

Use of the Type I tanks and minimum closure cap thickness.

Concentrating the entire estimated FTF residual inventory into a 1 foot stabilized
contaminant layer in one Type I tank to determine the maximum dose and flux.

Air Pathway Analysis

For the air pathway analysis, a list of radionuclides of interest was chosen based on NCRP-
123, atmospheric screening methodology, while accounting for the fact that the radionuclides
of concern for the airborne pathway are constrained by the actual waste tank inventory and
the limited number of radionuclides susceptible to volatilization. These radionuclides
included carbon-14 (C-14), chlorine-36 (Cl-36), iodine-129 (I-129), selenium-79 (Se-79),
antimony-125 (Sb-125), tin-126 (Sn-126), tritium (H-3), and technetium-99 (T¢-99). Radon-
222 (Rn-222) is addressed separately as required by DOE O 435.1. A summary of the
radionuclides and compounds of interest is presented in Table 4.5-3.
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Table 4.5-3: Radionuclides and Compounds of Interest for Air and Radon Pathway

Analysis
o1 Molecular

Radionuclide Half-life Atomic Wt. form in Molecular

(yrs) Wt.

gaseous state

C-14 5.70E+03 14 CO; 45.99
Cl-36 3.01E+05 36 Cl, 72
1-129 1.57E+07 129 I 258
Sb-125 2.76E+00 125 Sb 125
Se-79 2.95E+05 79 Se 79
Sn-126 2.30E+05 126 Sn 126
H-3 1.23E+00 3 H, 6
Tc-99 - 2.11E+05 99 Tc 99
Rn-222 1.05E-02 222 Rn 222

2005 Nuclear Wallet Cards [PIT-MISC-0072]

The radionuclides of interest are assumed to be in the gas phase and uniformly distributed
through the 1 foot stabilized contaminant layer at the bottom of the waste tank. Certain
gaseous radionuclides will not likely remain in the monatomic elemental form. These
radionuclides will likely combine with other gaseous elements or form diatomic molecules.
The state of existence of each of these radionuclides in the gaseous phase is important in
evaluating their transport to the land surface because the diffusion coefficient associated with
each is related to its molecular weight.

In this investigation it was assumed that:

e (-14 exists as part of the CO, molecule
o C(l-36, H-3 and 1I-129 exist as diatomic gasses
e Sb-125, Se-79, Sn-126, and Tc-99 exist as monatomic gasses

The effective air diffusion coefficient of each radionuclide or compound within each material
zone was determined. A relationship was established between moisture saturation and the
radon effective air-diffusion coefficient for various pore sizes of earthen materials. [WSRC-
STI-2007-00355_OUO] Using this method, a radon effective air-diffusion coefficient was
determined for each material type based upon the average moisture saturation for the
material. Subsequently, using Graham’s Law, the effective air-diffusion coefficient of each
radionuclide or compound evaluated was determined for each material type based on the
radon effective air-diffusion coefficient using the following relationship.
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Where:

D=D

MWT'

MWT

D = the effective diffusion coefficient of the radionuclide of interest (m*/yr) within the

material zone of interest

D’ = the effective diffusion coefficient of Rn-222 (m%/yr) within the material zone of

interest

MWT’ = the molecular weight of the reference radionuclide (Rn-222)
MWT = the molecular weight of the element or compound of interest

A summary of the radon effective air-diffusion coefficients and the calculated effective air-
diffusion coefficients for each radionuclide/compound by material zone are presented in

Table 4.5-4.

Table 4.5-4: Effective Air-Diffusion Coefficients for Each Radionuclide/Compound, by
Material for FTF Type I Tank and Closure Cap

Tank
Stabilized
Contaminants, Lower Upper Lateral Middle Erosion
Radi lid Reducing Foundation | Foundation | Drainage Backfill Barrier
‘ adionuciide | Grout, and Layer Layer Layer Layer Layer
Concrete Roof | (m?/yr) (m?/yr) (m*/yr) (m*/yr) (m*/yr)
Layer
(m2/yr)
Rn-222 3.470E+02 1.210E+01 | 2.618E+00 | 4.194E+00 | 1.455E+00 | 1.301E+00
C-14 7.623E+02 2.658E+01 | 5.752E+00 | 9.213E+00 | 3.196E+00 | 2.858E+00
Cl1-36 6.093E+02 2.124E+01 | 4.597E+00 | 7.364E+00 | 2.555E+00 | 2.284E+00
I-129 3.219E+02 1.122E+01 | 2.429E+00 | 3.890E+00 | 1.350E+00 | 1.207E+00
Sb-125 4.624E+02 1.612E+01 | 3.489E+00 | 5.589E+00 | 1.939E+00 | 1.734E+00
Se-79 5.817E+02 2.028E+01 | 4.389E+00 | 7.030E+00 | 2.439E+00 | 2.181E+00
Sn-126 4.606E+02 1.606E+01 | 3.475E+00 | 5.567E+00 | 1.931E+00 | 1.727E+00
H-3 2.111E+03 7.359E+01 | 1.593E+01 | 2.551E+01 | 8.850E+00 | 7.912E+00
Tc-99 5.196E+02 1.812E+01 | 3.921E+00 | 6.280E+00 | 2.179E+00 | 1.948E+00

Note:

The effective diffusion coefficient for Rn-222 was used to determine the effective air

diffusion coefficient of each radionuclide/compound based on Graham’s Law (Grahams Law
states that the rate of diffusion of a gas in inversely proportional to the square root of its
molecular weight).
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Table 4.5-5: Summary of the Peak Fluxes for Each Radionuclide

Radionuclide ACtiVit{;:si{eeSidual Peak Flux
(Ci) (Ci/yr/Ci)
C-14 1.0 2.59E-04
Cl1-36 1.0 6.07E-04
1-129 1.0 2.38E-03
Sb-125 1.0 3.71E-14
Se-79 1.0 7.02E-04
Sn-126 1.0 1.29E-03
H-3 1.0 3.12E-10
Tc-99 1.0 9.66E-04

4.5.5.2  Air Pathway Dose Calculations

An evaluation was conducted to assess the potential dose to a MEI located at the SRS
boundary, at 1,600m from FTF (seepline), and at 100m from FTF. [WSRC-STI-2007-00343]
DRFs were calculated for each radionuclide potentially released from the FTF using CAP-88,
the EPA model for NESHAP. CAP-88 uses a database of dose and risk factors provided in
Federal Guidance Report 13 for estimating dose and risk, (i.e., factors for lifetime fatal
cancer risk). [EPA-402-R-99-001] These dose and risk factors were used for the pathways
of ingestion and inhalation intake, ground level air immersion, and ground surface
irradiation. DRFs represent the dose to the receptor exposed to 1 Ci of the specified
radionuclide potentially released to the atmosphere. For the receptor located at the SRS
boundary and at the seepline (1,600m), the distance from the FTF is sufficient for an
assumption of a point source. However, the DRFs for the 100m receptor required evaluation
of an area source because of the close proximity of FTF to the 100m receptor. For
radionuclides not contained within the CAP-88 library (Se-79, Cl-36) atmospheric transport
was estimated by assigning surrogates with similar radiological properties. [WSRC-STI-
2007-00343] Doses for these radionuclides were estimated by applying their dosimetric
properties to the surrogate’s relative air concentrations estimated by the model.

Specific SRS 100m DRFs and the calculated exposure levels for the MEI at 100m are
presented in Table 4.5-6. Specific SRS 1,600m DRF and the calculated exposure levels for
the MEI at 1,600m are presented in Table 4.5-7. Because the DRFs for 100m are calculated
from an assumed area source, while the 1,600m DRFs are calculated from an assumed point
source, the results show a more conservative estimate at 1,600m which results in a higher
estimated dose at 1,600m than at 100m. See WSRC-STI-2007-00343 for details on the
estimation of all DRFs.
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Table 4.5-6: 100m Dose Release Factors and 100 — 10,000 Year FTF Exposure Levels

Rdomctide | POIKTIUx | SRS 00mDRE! | DU
(mrem/yr/Ci)

C-14 2.59E-04 2.8E-04 7.2E-08

Cl-36 6.07E-04 2.9E-02 1.7E-05

I-129 2.38E-03 2.0E+01 4.8E-02
Sb-125 3.71E-14 3.9E-01 1.4E-14

Se-79 7.02E-04 3.8E-02 2.7E-05
Sn-126 1.29E-03 1.8E+01 2.3E-02

H-3 3.12E-10 1.3E-02 4.2E-12

Tc-99 9.66E-04 1.1E-01 1.0E-04

"WSRC-STI-2007-00343
? Dose to MEI at 100m = Peak Flux x Dose Release Factor. [WSRC-STI-2007-00355 OUO]

Table 4.5-7: 1,600m Dose Release Factors and 100 — 10,000 Year FTF Exposure Levels

e T B
(mrem/yr/Ci)
C-14 2.59E-04 2.4E-03 6.2E-07
Cl-36 6.07E-04 6.2E-03 3.7E-06
I-129 2.38E-03 2.3E+00 5.5E-03
Sb-125 3.71E-14 9.7E-02 3.6E-15
Se-79 - 7.02E-04 9.1E-03 6.4E-06
Sn-126 1.29E-03 4.4E+00 5.7E-03
H-3 3.12E-10 4.9E-05 1.5E-14
Tc-99 9.66E-04 2.6E-02 2.6E-05

From WSRC-STI-2007-00343.
*Dose to MEI at 1,600m = Peak Flux x DRF. [WSRC-STI-2007-00355_OUO]
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4.5.6 Radon Analysis

The permissible radon flux for DOE facilities is addressed in DOE M 435.1-1, Section IV.
P.(c) states the radon flux limitations associated with the development of a disposal facility
and maintenance of a PA and the closure of the disposal facility. This requirement is that the
release of radon shall be less than an average yearly flux of 20 pCi/m%/sec at the surface of
the disposal facility. The performance objective refers only to radon, and the correct species
must be analyzed depending on the characteristics of the residual waste stream. The
instantaneous Rn-222 flux at the land surface was evaluated for the simulation period and the
maximum flux was then compared to the DOE performance objective.

The potential parent radionuclides that can contribute to the creation of Rn-222 are illustrated
in Figure 4.5-3. The diagram indicates the specific decay chains that lead to the formation of
Rn-222, as well as the half-lives for each radionuclide. The extremely long half-life of U-
238 (4.468E+9 years) cause the other radionuclides higher up on the chain of parents to be of
little concern with regard to their potential to contribute significantly to the Rn-222 flux at
the land surface over the period of interest. In Figure 4.5-3, the parent radionuclides that
were individually evaluated are indicated with the gray shaded area (i.e., beginning with Pu-
238 and U-238). Rn-222 generated within the stabilized contaminant zone is in the gaseous
phase and diffuses outward from this zone into the air-filled soil pores surrounding the FTF,
eventually resulting in some of the radon emanating at the land surface. As such, air is the
fluid through which Rn-222 diffuses, although some Rn-222 may dissolve in residual pore
water.

The parent radionuclides are assumed to exist in the solid phase and therefore do not migrate
upward through the air-filled pore space, although they could be leached and transported
downward from the stabilized contaminant zone by pore water movement. This potential
downward migration of the parent radionuclides was not considered in the radon analysis.

Decay chains evaluated were U-238>Th-234->Pa-234m—->U-234->Th-230>Ra-226>Rn-
222 and Pu-238 ->U-234->Th-230->Ra-226->Rn-222. Each parent in these chains, except
Th-234 and Pa-234m, were simulated separately as the starting point of the decay chain. Th-
234 and Pa-234m have extremely short half-lives compared to the other parent radionuclides
in these chains. Only a fraction of the Rn-222 generated by the decay of each parent is
available for migration away from its source and into open pore space. Since the Rn-222
parent radionuclides exist as oxides or in other crystalline forms, only a fraction of Rn-222
generated by decay of Ra-226 has sufficient energy to migrate away from its original location
into adjacent pore space before further decay occurs (3.82 day half-life for Rn-222).

The emanation coefficient is generally defined as the fraction of the total amount of Rn-222
produced by radium decay that escapes from soil particles and enters the pore space of the
medium. This is the fraction of the Rn-222 that is available for transport. In the case of the
FTF, the parent radionuclides are not embedded in soil but are contained within stabilized
contaminants entombed in concrete/grout. Literature values for the Rn-222 emanation factor
for these conditions are not available. Studies have shown the emanation factor to vary
between 0.02 and 0.7 for various soil types depending primarily on moisture content.
Generally, higher emanation factors are associated with higher moisture contents.
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Figure 4.5-3: Radioactive Decay Chains Leading to Rn-222
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RESidual RADioactivity Computer Software (RESRAD) is a model used to estimate
radiation dose and risk from residual radioactive materials. This DOE and NRC approved
code, assumes an emanation factor of 0.25 for Rn-222 which is representative of a silty loam
soil with low moisture content. For the FTF radon pathway analysis, the RESRAD default
emanation factor of 0.25 was chosen recognizing that literature values for residual wastes
similar to the FTF are not available. The use of 0.25 should be conservative since the
stabilized contaminant is assumed to be dry and emanation factors reported in the literature
for drier soils are much lower. [ANL-EAD-4] To account for the emanation factor in the
model, an effective source term of 0.25 Ci of parent radionuclide was utilized for each Ci
disposed within the facility.

Some radon dissolves in pore water but since diffusion proceeds more slowly in that fluid, air
diffusion was the only transport process by which Rn-222 was allowed to reach the land
surface of the FTF. This assertion is substantiated in ANL-EAD-4. In that report the
effective diffusion coefficient for soil is reported to range from the radon open air diffusion
coefficient of 1.0E-5 m%/sec to that of fully saturated soil, 1.0E-10 m%/sec. This five order of
magnitude difference is consistent with the comparison of water diffusion coefficients to air
diffusion coefficients of other common molecular compounds and reported in many
references. Thus, the larger volume of water-filled pore space compared to air-filled pore
space (maximum of 1 order of magnitude difference) is inconsequential, in terms of the
ability of water-dissolved radon to diffuse through water-filled pores as compared to the
ability of the same compounds to diffuse as gas in the vapor-filled pore spaces.

The molecular diffusion coefficient of Rn-222 in open air is 347 mz/yr. [WSRC-STI-2007-
00355_OUO] A relationship between moisture saturation and the radon effective air-
diffusion coefficient for various pore sizes of earthen materials was established. This method
was used to calculate a radon effective air-diffusion coefficient for each material type based
upon the average moisture saturation for the material. Tortuosity was assigned a unit value
for each material type. A summary of the radon air-diffusion coefficients by material type
are presented in Table 4.5-4.

4.5.7 Radon Pathway Model Results

Model simulations were conducted to evaluate the peak instantaneous Rn-222 flux at the land
surface for the simulation period of 10,000 years. Model results were output in Ci/m*/yr per
Ci of inventory, consistent with the set of units employed in the model. A graph of these
results is shown in Figure 4.5-4, although the units are converted to pCi/m*/sec per Ci/m’,
which are the units used to define the regulatory flux limit in DOE M 435.1-1. The peak
fluxes represent the peak Rn-222 flux per square meter at the land surface for the two time
periods and are given in Table 4.5-8.
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4.6 Biotic Pathways

The purpose of this section is to document the Bioaccumulation Factors and Human Health
Exposure parameters used in the FTF PA modeling effort. Exposure pathways for the FTF PA
are discussed in Section 4.2.4. Bioaccumulation Factors and Human Health Exposure
parameters are used to calculate doses for each of the pathways.

4.6.1 Bioaccumulation Factors

For PA analyses at SRS, soil-to-vegetable (also known as soil-to-plant ratios or plant-to-soil
ratios), feed-to-milk, feed-to-beef and water-to-fish transfer factors are the bioaccumulation
factors considered. Soil-to-vegetable transfer factors determine the fraction of an element
that is drawn from the soil into the edible plant. Feed-to-milk transfer factors represent the
element fraction transferred from fodder to milk. Feed-to-meat.transfer factors represent the
element specific fraction transferred from fodder to beef. Water-to-fish transfer factors are
the equilibrium ratios between concentration in aquatic foods and concentration in water.

The factors utilized were developed based on comparison to a number of other DOE facilities
and generic national/global references to establish relevance of the parameters selected
and/or verify the regional differences for the southeastern United States. [WSRC-STI-2007-
00004] The values for the parameters are based on expected values along with a range
versus estimating an annual dose to the MEI.

4.6.1.1 Bioaccumulation Factor Methodology

A report entitled Baseline Parameter Update for Human Health Input and Transfer Factors
Jor Radiological Performance Assessments at the Savannah River Site documents the SRS
evaluation and reviews of transfer factors. [WSRC-STI-2007-00004] This report presents
additional details on factors utilized in the past and discussion on conversion factors
developed for SRS use. This report also established a single biocaccumulation factor
parameter source that is up to date with existing data and maintained current via periodic
reviews.

In developing the report, a comprehensive literature review was completed and references
were updated to include the latest available information. In general, the values from more
recent compilations were recommended, rather than those in older publications. The report
includes information to establish a range of values for each element which was used to
perform uncertainty analysis.

WSRC-STI-2007-00004 recommends updating the factors using site-specific values when
available but considers 4 Compendium of Transfer Factors for Agricultural and Animal
Products to be the most recent comprehensive evaluation of bioaccumulation factors and
recommends this as the secondary source of values if site-specific values are not available.
[PNNL-13421]
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The hierarchy on document use at SRS for bioaccumulation factors is listed below:

s Site-Specific [WSRC-TR-96-0231, SRT-EST-2003-00134]

e Other site- or regional- specific publications (i.e., CDC-2005)

e PNNL-13421 (This PNNL document has a factor hierarchy of IAEA-364 then
NUREG-CR-5512, then NCRP-123

e ORNL-5786 (This ORNL document has a factor hierarchy of 10 CFR 50, Regulatory
Guide 1.109 then the TERRA code values.)

e NCRP-123

In PNNL-13421 the hierarchy of documents used to establish transfer factors is IAEA-364
and then NUREG-CR-5512, then NCRP-123. The International Atomic Energy Agency’s
Technical Report Series #364, Handbook of Parameter Values for the Prediction of
Radionuclide Transfer in Temperate Environments encompasses a wide variety of plant types
and is the result of extensive background investigations. [IAEA-364] It is based on data
compiled by the International Union of Radioecologists.  Residual Radioactive
Contamination from Decommissioning: Technical Basis for Translating Contamination
Levels to Annual Total Effective Dose Equivalent, NUREG-CR-5512 is frequently referenced
because of its large set of data and traceable references.

In general, site-specific values were used without modification where appropriate. When
recent generic compilations were used and the differences between the updated value and the
currently used value were larger than two orders of magnitude, a geometric mean of the
generic updated value and the currently used value was selected for averaging the ratios.
[http://en.wikipedia.org/ wiki/Geometric_mean]

The transfer factors that SRS utilized for the
| > Bioaccumulation Parameters ~ FTF PA appear in Tables 4.6-1 through 4.6-4.
The data in these tables were taken from WSRC-STI-2007-00004.
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Table 4.6-1: Soil-to-Vegetable Transfer Factors (Unitless)
Atomie Seil-to-Vegetable Transfer Factors
Element
No. Value Reference Min. Max.
89 Ac 6.83E-05 PNNL-13421 6.69E-05 3.50E-03
47 Ag 1.18E-02 PNNL-13421 2.54E-04 1.50E-01
13 Al 1.27E-04 ORNL-5786 1.24E-04 4.00E-03
95 Am 6.83E-05 PNNL-13421 2.15E-06 3.32E-02
18 Ar 0 NUREG-CR-5512 0 0
33 As 1.17E-03 PNNL-13421 1.17E-03 8.00E-02
85 At 2.93E-02 ORNL-5786 2.87E-02 2.00E-01
79 Au 3.51E-03 PNNL-13421 2.50E-04 1.00E-01
5 B 3.90E-01 ORNL-5786 1.00E-02 4.00E+00
56 Ba 2.93E-03 PNNL-13421 2.87E-03 4.00E-02
4 Be 2.93E-04 PNNL-13421 2.87E-04 4.00E-03
83 Bi 9.75E-02 PNNL-13421 9.56E-04 1.00E-01
97 Bk 1.00E-03 NCRP-123 5.90E-05 1.00E-03
35 Br 2.93E-01 PNNL-13421 2.93E-01 7.60E-01
6 C 1.37E-01 PNNL-13421 1.37E-01 5.50E+00
20 Ca 6.83E-02 PNNIL-13421 6.69E-02 5.00E-01
48 Cd 2.93E-02 PNNL-13421 2.87E-02 5.00E-01
58 Ce 3.90E-03 PNNL-13421 7.65E-04 3.00E-02
98 Cf 6.83E-05 PNNL-13421 6.50E-06 1.00E-02
17 Cl 1.37E+01 PNNL-13421 3.00E-01 7.00E+01
96 Cm 8.39E-05 PNNL-13421 2.15E-06 2.50E-03
27 Co 1.31E-02 PNNL-13421 1.34E-03 2.34E-01
24 Cr 8.78E-04 PNNL-13421 2.50E-04 1.00E-02
55 Cs 9.00E-01 WSRC-TR-96-0231 2.15E-04 9.00E-01
29 Cu 4.88E-02 PNNL-13421 4.88E-02 1.30E-01
66 Dy 3.90E-03 PNNL-13421 7.80E-04 3.90E-03
68 Er 3.90E-03 PNNL-13421 7.80E-04 3.90E-03
99 Es 1.00E-03 NCRP-123 5.90E-05 1.00E-03
63 Eu 3.90E-03 PNNL-13421 7.65E-04 4.00E-03
9 F 1.17E-03 PNNL-13421 1.17E-03 2.00E-02
26 Fe 9.75E-03 PNNL-13421 1.91E-04 9.75E-03
100 Fm 2.00E-03 NCRP-123 2.00E-03 2.00E-03
87 Fr 5.85E-03 ORNL-5786 5.73E-03 3.00E-02
31 Ga 7.80E-05 PNNL-13421 7.65E-05 3.00E-03
64 Gd 3.90E-03 PNNL-13421 7.65E-04 4.00E-03
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Table 4.6-1: Soil-to-Vegetable Transfer Factors (Unitless) (Continued)

Atomic Soil-to-Vegetable Transfer Factors
Element
No. Value Reference Min. Max.
32 Ge 1.56E-02 ORNL-5786 1.53E-02 4.00E-01
10 CFR 50,
1 H 4.80E+00 Reg. Guide 1.109 0 6.92E+00
108 Ha 2.00E-03 NCRP-123 2.00E-03 2.00E-03
2 He 0 NCRP-123 0 0
72 Hf 1.95E-04 PNNL-13421 1.00E-04 3.00E-03
80 Hg 3.90E-02 PNNL-13421 3.82E-02 3.80E-01
67 Ho 3.90E-03 PNNL-13421 7.65E-04 4.00E-03
53 I 7.80E-03 PNNL-13421 6.63E-05 5.00E-02
49 In 7.80E-05 PNNL-13421 7.65E-05 3.00E-03
77 Ir 2.93E-03 PNNL-13421 2.87E-03 3.00E-02
19 K 1.07E-01 PNNL-13421 1.05E-01 5.50E-01
36 Kr 0 NUREG-CR-5512 0 0
57 La 6.83E-05 PNNL-13421 6.83E-05 2.50E-03
3 Li 7.80E-04 ORNL-5786 7.80E-04 1.71E-03
103 Lr 2.00E-03 NCRP-123 2.00E-03 2.00E-03
71 Lu 7.80E-04 ORNL-5786 7.65E-04 2.50E-03
101 Md 2.00E-03 NCRP-123 2.00E-03 2.00E-03
12 Mg 1.07E-01 PNNL-13421 3.00E-02 2.35E-01
25 Mn 3.90E-02 PNNL-13421 9.56E-03 3.00E-01
42 Mo 1.56E-01 PNNL-13421 1.15E-02 8.00E-01
7 N 3.50E-01 PNNL-13421 9.56E-03 1.28E+01
11 Na 5.85E-02 PNNL-13421 1.05E-02 3.00E-01
41 Nb 4.88E-03 PNNL-13421 9.56E-04 1.70E-02
60 Nd 3.90E-03 PNNL-13421 7.80E-04 3.90E-03
10 Ne 0 NCRP-123 0 0
28 Ni 1.17E-02 PNNL-13421 3.51E-03 3.51E-01
102 No 2.00E-03 NCRP-123 2.00E-03 2.00E-03
93 Np 2.54E-03 PNNL-13421 1.38E-04 2.73E-02
8 0 6.00E-01 NCRP-123 6.00E-01 6.00E-01
76 Os 6.83E-04 PNNL-13421 6.83E-04 3.00E-02
15 P 6.83E-01 PNNL-13421 6.69E-01 3.50E+00
91 Pa 4.18E-04 PNNL-13421 4.78E-05 1.00E-02
82 Pb 1.17E-03 PNNL-13421 2.54E-05 1.00E-02
46 Pd 7.80E-03 PNNL-13421 7.65E-03 1.00E-01
61 Pm 3.90E-03 PNNL-13421 7.65E-04 4.00E-03
84 Po 1.37E-03 PNNL-13421 7.65E-05 7.00E-03
59 Pr 3.90E-03 PNNL-13421 7.65E-04 3.90E-03
78 Pt 4 88E-03 ORNL-5786 4.78E-03 1.00E-01
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Table 4.6-1: Soil-to-Vegetable Transfer Factors (Unitless) (Continued)

Atomic Soil-to-Vegetable Transfer Factors
Element
No. Value - Reference Min. Max.
94 Pu 2.15E-04 PNNL-13421 7.41E-07 1.09E-02
88 Ra 4.64E-03 PNNL-13421 3.90E-04 4.00E-02
37 Rb 1.76E-01 PNNIL-13421 1.34E-02 9.00E-01
75 Re 1.29E+00 PNNL-13421 6.83E-02 2.10E+02
104 Rf 3.00E-03 NCRP-123 3.00E-03 3.00E-03
45 Rh 7.80E-03 PNNL-13421 7.65E-03 1.30E+01
86 Rn 0 NUREG-CR-5512 0 0
44 Ru 7.80E-03 PNNL-13421 3.82E-03 5.00E-02
16 S 2.93E-01 PNNL-13421 2.87E-01 6.42E-01
51 Sb 2.49E-03 PNNL-13421 2.15E-05 1.30E-02
21 Sc 1.95E-04 PNNL-13421 1.91E-04 2.00E-03
34 Se 5.14E-02 PNNL-13421 4.78E-03 1.30E+00
14 Si 1.37E-02 PNNL-13421 1.34E-02 8.80E-02
62 Sm 3.90E-03 PNNL-13421 7.65E-04 4.00E-03
50 Sn 1.17E-03 PNNL-13421 1.15E-03 3.00E-01
38 Sr 9.75E-02 PNNL-13421 1.70E-02 2.73E+00
73 Ta 4.88E-03 PNNL-13421 4.78E-04 2.00E-02
65 Tb 3.90E-03 PNNL-13421 7.80E-04 3.90E-03
43 Tc 4.68E-02 PNNL-13421 4.68E-02 5.46E+00
52 Te 1.20E-02 PNNL-13421 7.65E-04 1.30E+00
90 Th 6.44E-05 PNNL-13421 5.85E-06 4.20E-03
22 Ti 5.85E-04 ORNL-5786 1.00E-04 3.00E-03
81 TI 7.80E-05 PNNL-13421 7.65E-05 2.00E-01
69 Tm 7.80E-04 ORNL-5786 7.80E-04 2.00E-03
92 U 2.34E-03 PNNL-13421 2.73E-04 2.73E-02
23 \'% 5.85E-04 ORNL-5786 5.73E-04 3.00E-03
74 \\) 5.00E-02 PNNL-13421 1.91E-03 8.00E-01
54 Xe 0 NUREG-CR-5512 0 0
39 Y 1.95E-03 PNNL-13421 1.15E-03 3.00E-01
70 Yb 7.80E-04 ORNL-5786 7.80E-04 2.00E-03
30 Zn 6.83E-02 PNNL-13421 6.83E-02 2.34E+00
40 Zr 1.95E-04 PNNL-13421 9.56E-05 1.00E-03

[WSRC-STI-2007-00004, Table B-1]
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Table 4.6-2: Feed-to-Milk Transfer Factors (d/L)
Atomic Feed-to-Milk Transfer Factors
No. Element .
Factor Reference Min. Max.
89 Ac 2.00E-05 PNNL-13421 2.00E-06 2.06E-05
47 Ag 1.58E-03 PNNL-13421 5.00E-05 5.00E-02

13 Al 2.06E-04 ORNL-5786 2.00E-04 2.06E-04
95 Am 1.50E-06 PNNL-13421 4.00E-07 5.00E-06
33 As 6.00E-05 PNNL-13421 6.00E-05 1.00E-04
85 At 1.03E-02 ORNL-5786 1.00E-02 1.03E-02
79 Au 5.50E-06 PNNL-13421 5.00E-06 1.00E-05

5 B 1.55E-03 ORNL-5786 1.50E-03 3.00E-03
56 Ba 4 80E-04 PNNL-13421 3.50E-04 8.00E-03

4 Be 9.00E-07 PNNL-13421 9.00E-07 2.00E-06
83 Bi 5.00E-04 PNNL-13421 5.00E-04 1.00E-03
97 Bk 2.00E-06 NCRP-123 4.00E-07 2.00E-06
35 Br 2.00E-02 PNNL-13421 2.00E-02 2.06E-02

10 CFR 50,

6 C 1.20E-02 Reg. Guide 1.109 1.05E-02 1.20E-02
20 Ca 3.00E-03 PNNL-13421 3.00E-03 1.03E-02
48 Cd 1.00E-03 PNNL-13421 1.20E-04 2.00E-03
58 Ce 3.00E-05 PNNL-13421 2.00E-05 1.00E-04
98 Cf 1.50E-06 PNNL-13421 7.50E-07 2.00E-06
17 Cl 1.70E-02 PNNL-13421 1.50E-02 2.00E-02
96 Cm 2.00E-05 PNNL-13421 2.00E-06 2.06E-05
27 Co 3.00E-04 PNNL-13421 3.00E-04 2.06E-03
24 Cr 1.00E-05 PNNL-13421 1.00E-05 2.20E-03
55 Cs 7.90E-03 PNNL-13421 7.00E-03 1.20E-02
29 Cu 2.00E-03 PNNL-13421 1.50E-03 1.40E-02
66 Dy 3.00E-05 PNNL-13421 2.00E-05 6.00E-05
68 Er 3.00E-05 PNNL-13421 2.00E-05 6.00E-05
99 Es 2.00E-06 NCRP-123 4.00E-07 2.00E-06
63 Eu 3.00E-05 PNNL-13421 2.00E-05 6.00E-05

9 F 1.00E-03 PNNL-13421 1.00E-03 7.00E-03
26 Fe 3.00E-05 PNNL-13421 3.00E-05 1.20E-03
87 Fr 2.06E-02 ORNL-5786 8.00E-03 2.06E-02
31 Ga 5.00E-05 PNNL-13421 1.00E-05 5.15E-05
64 Gd 3.00E-05 PNNL-13421 2.00E-05 6.00E-05
32 Ge 7.21E-02 ORNL-5786 1.00E-02 7.21E-02

1 H 1.50E-02 PNNIL-13421 0 1.50E-02

105 Ha 5.00E-06 NCRP-123 5.00E-06 5.00E-06

2 He 0 NCRP-123 0 0
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Table 4.6-2: Feed-to-Milk Transfer Factors (d/L) (Continued)
Atomic Feed-to-Milk Transfer Factors
No. Element
Factor Reference Min. Max.
72 Hf 5.50E-07 PNNL-13421 5.50E-07 2.50E-05
80 Hg 4.70E-04 PNNL-13421 4 50E-04 5.00E-04
67 Ho 3.00E-05 PNNL-13421 2.00E-05 6.00E-05
53 1 9.00E-03 PNNL-13421 6.00E-03 1.20E-02
49 In 2.00E-04 PNNL-13421 1.00E-04 2.00E-04
77 Ir 2.00E-06 PNNL-13421 -2.00E-06 2.06E-06
19 K 7.20E-03 PNNL-13421 7.00E-03 7.21E-03
57 La 2.00E-05 PNNL-13421 5.00E-06 6.00E-05
3 Li 2.06E-02 ORNL-5786 2.06E-02 5.00E-02
103 Lr 5.00E-06 NCRP-123 5.00E-06 5.00E-06
71 Lu 2.06E-05 ORNL-5786 2.00E-05 6.00E-05
101 Md 5.00E-06 NCRP-123 5.00E-06 5.00E-06
12 Mg 3.90E-03 PNNL-13421 3.90E-03 8.00E-03
25 Mn 3.00E-05 PNNL-13421 3.00E-05 3.61E-04
42 Mo 1.70E-03 PNNL-13421 1.50E-03 7.50E-03
7 N 2.50E-02 PNNL-13421 1.00E-02 2.58E-02
11 Na 1.60E-02 PNNL-13421 1.60E-02 4.00E-02
41 Nb 3.20E-05 PNNL-13421 4.10E-07 2.06E-02
60 Nd 3.00E-05 PNNL-13421 5.00E-06 6.00E-05
28 Ni 1.60E-02 PNNL-13421 1.00E-03 2.00E-02
102 No 5.00E-06 NCRP-123 5.00E-06 5.00E-06
93 Np 5.00E-06 PNNL-13421 5.00E-06 1.00E-05
76 Os 5.00E-03 PNNL-13421 1.00E-04 3.50E+00
15 P 1.60E-02 PNNL-13421 1.50E-02 2.50E-02
91 Pa 5.00E-06 PNNL-13421 5.00E-06 5.15E-06
82 Pb 2.60E-04 PNNL-13421 2.50E-04 3.00E-04
46 Pd 1.00E-02 PNNL-13421 1.00E-04 1.03E-02
61 Pm 3.00E-05 PNNL-13421 2.00E-05 6.00E-05
84 Po 3.40E-04 PNNL-13421 3.40E-04 4 00E-04
59 Pr 3.00E-05 PNNL-13421 5.00E-06 6.00E-05
78 Pt 5.15E-03 ORNL-5786 1.00E-04 5.15E-03
94 Pu 1.10E-06 PNNL-13421 1.00E-07 2.00E-06
88 Ra 1.30E-03 PNNL-13421 4.50E-04 1.30E-03
37 Rb 1.20E-02 PNNL-13421 1.00E-02 3.00E-02
75 Re 1.50E-03 PNNL-13421 1.40E-04 2.00E-03
104 Rf 2.00E-05 NCRP-123 2.00E-05 2.00E-05
45 Rh 1.00E-02 PNNL-13421 5.00E-04 1.03E-02
86 Rn 0 NCRP-123 0 0
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Table 4.6-2: Feed-to-Milk Transfer Factors (d/L) (Continued)
Atomic Feed-to-Milk Transfer Factors
No. Element _
Factor Reference Min. Max.
44 Ru 3.30E-06 PNNL-13421 6.00E-07 2.00E-05
16 S 1.60E-02 PNNL-13421 1.50E-02 2.00E-02
51 Sb 2.50E-05 PNNL-13421 2.50E-05 1.50E-03
21 Sc 5.00E-06 PNNL-13421 5.00E-06 6.00E-05
34 Se 4.00E-03 PNNL-13421 4.00E-03 4.50E-02
14 Si 2.00E-05 PNNL-13421 2.00E-05 2.06E-05
62 Sm 3.00E-05 PNNL-13421 5.00E-06 6.00E-05
50 Sn 1.00E-03 PNNL-13421 1.00E-03 2.50E-03
38 Sr 2.80E-03 PNNL-13421 8.00E-04 2.80E-03
73 Ta 4.10E-07 PNNL-13421 4.10E-07 5.00E-06
65 Tb 3.00E-05 PNNL-13421 2.00E-05 6.00E-05
43 Tc 1.87E-03 PNNL-13421 2.30E-05 2.50E-02
52 Te 4.50E-04 PNNL-13421 2.00E-04 1.00E-03
90 Th 5.00E-06 PNNL-13421 5.00E-06 5.15E-06
22 Ti 7.53E-05 ORNL-5786 5.50E-07 1.03E-02
81 Tl 2.00E-03 PNNL-13421 1.00E-03 1.00E-02
69 Tm 2.06E-05 ORNL-5786 2.06E-05 6.00E-05
92 U 4.00E-04 PNNL-13421 4.00E-04 6.18E-04
23 \'% 2.06E-05 ORNIL-5786 2.00E-05 5.00E-04
74 \\ 3.00E-04 PNNL-13421 3.00E-04 5.00E-04
39 Y 2.00E-05 PNNL-13421 1.00E-05 2.00E-03
70 Yb 2.06E-05 ORNL-5786 2.06E-05 6.00E-05
30 Zn 1.00E-02 PNNL-13421 1.00E-02 3.90E-02
40 Zr 5.50E-07 PNNL-13421 5.50E-07 3.09E-05

[WSRC-STI-2007-00004, Table B-2]
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Table 4.6-3: Feed-to-Meat Transfer Factors (d/kg)
Atomic Feed-to-Meat Transfer Factors
Element -

No. Value Reference Min. Max.
89 Ac 4.00E-04 PNNL-13421 2.00E-05 4.00E-04
47 Ag 3.00E-03 PNNL-13421 3.00E-03 1.70E-02
13 Al 1.50E-03 ORNL-5786 5.00E-04 1.50E-03
95 Am 4.00E-05 PNNL-13421 3.50E-06 2.00E-04
33 As 2.00E-03 PNNL-13421 1.50E-03 2.00E-02
85 At 1.00E-02 ORNL-5786 1.00E-02 1.00E-02
79 Au 5.00E-03 PNNL-13421 2.00E-04 8.00E-03
5 B 8.00E-04 ORNL-5786 8.00E-04 8.00E-04
56 Ba 2.00E-04 PNNL-13421 1.50E-04 3.00E-02
4 Be 1.00E-03 PNNL-13421 1.00E-03 5.00E-03
83 Bi 4.00E-04 PNNL-13421 4.00E-04 2.00E-03
97 Bk 2.50E-05 NCRP-123 2.00E-05 4.00E-05
35 Br 2.50E-02 PNNL-13421 2.00E-02 5.00E-02

10 CFR 50,

6 C 3.10E-02 Reg. Guide 1.109 3.10E-02 4.89E-02
20 Ca 2.00E-03 PNNL-13421 7.00E-04 2.00E-03
48 Cd 4.00E-04 PNNL-13421 4.00E-04 1.00E-03
58 Ce 2.00E-05 PNNL-13421 2.00E-05 1.20E-03
98 Cf 4.00E-05 PNNL-13421 4.00E-05 5.00E-03
17 Cl 2.00E-02 PNNL-13421 2.00E-02 8.00E-02
96. Cm 4.00E-05 PNNL-13421 3.50E-06 2.00E-04
27 Co 1.00E-02 PNNL-13421 1.00E-02 3.00E-02
24 Cr 9.00E-03 PNNL-13421 2.40E-03 3.00E-02
55 Cs 5.00E-02 PNNL-13421 4.00E-03 5.00E-02
29 Cu 9.00E-03 PNNL-13421 8.00E-03 1.00E-02
66 Dy 2.00E-05 PNNL-13421 2.00E-05 5.50E-03
68 Er 2.00E-05 PNNL-13421 2.00E-05 4.00E-03
99 Es 2.50E-05 NCRP-123 2.00E-05 2.50E-05
63 Eu 2.00E-05 PNNL-13421 2.00E-05 5.00E-03

9 F 1.50E-01 PNNIL-13421 2.00E-02 1.50E-01
26 Fe 2.00E-02 PNNL-13421 2.00E-02 4.00E-02

100 Fm 2.00E-04 NCRP-123 2.00E-04 2.00E-04
87 Fr 2.50E-03 ORNL-5786 2.50E-03 3.00E-02
31 Ga 5.00E-04 PNNL-13421 3.00E-04 5.00E-04
64 Gd 2.00E-05 PNNL-13421 2.00E-05 3.50E-03
32 Ge 7.00E-01 ORNL-5786 2.00E-01 7.00E-01

1 H Not Used in Model 0 1.20E-02

105 Ha 5.00E-06 NCRP-123 5.00E-06 5.00E-06
72 Hf 3.16E-05 PNNL-13421 1.00E-06 1.00E-03
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Table 4.6-3: Feed-to-Meat Transfer Factors (d/kg) (Continued)
Atomic Feed-to-Meat Transfer Factors
Element -

No. Value Reference Min. Max.
80 Hg 2.50E-01 PNNL-13421 1.00E-02 2.50E-01
67 Ho 3.00E-04 PNNL-13421 2.00E-05 4.50E-03

- 53 1 4.00E-02 PNNL-13421 2.90E-03 4.00E-02
49 In 8.00E-03 PNNL-13421 4.00E-03 8.00E-03
77 Ir 1.50E-03 PNNL-13421 1.50E-03 2.00E-03
19 K 2.00E-02 PNNL-13421 2.00E-02 2.00E-02
57 La 2.00E-03 PNNL-13421 2.00E-04 2.00E-03

3 Li 1.00E-02 ORNL-5786 1.00E-02 2.00E-02

103 Lr 2.00E-04 NCRP-123 2.00E-04 2.00E-04
71 Lu 4.50E-03 ORNL-5786 2.00E-03 4.50E-03
12 Mg 2.00E-02 PNNL-13421 3.00E-03 2.00E-02
25 Mn 5.00E-04 PNNL-13421 4.00E-04 1.00E-03
42 Mo 1.00E-03 PNNL-13421 1.00E-03 8.00E-03

7 N 7.50E-02 PNNL-13421 1.00E-02 7.50E-02
11 Na 8.00E-02 PNNL-13421 3.00E-02 8.00E-02
41 Nb 2.90E-04 PNNL-13421 3.00E-07 2.80E-01
60 Nd 2.00E-05 PNNL-13421 2.00E-05 3.30E-03
28 Ni 5.00E-03 PNNL-13421 5.00E-03 5.30E-02

102 No 2.00E-04 NCRP-123 2.00E-04 2.00E-04
93 Np 1.00E-03 PNNL-13421 5.50E-05 1.00E-03
76 Os 4.00E-01 PNNIL-13421 2.00E-03 4.00E-01
15 P 5.00E-02 PNNL-13421 4.60E-02 2.00E-01
91 Pa 4 47E-04 PNNL-13421 5.00E-06 5.00E-03
82 Pb 4.00E-04 PNNL-13421 3.00E-04 8.00E-04
46 Pd 4.00E-03 PNNIL-13421 2.00E-04 4.00E-03
61 Pm 2.00E-05 PNNL-13421 2.00E-05 5.00E-03
84 Po 5.00E-03 PNNL-13421 9.50E-05 5.00E-03
59 Pr 2.00E-05 PNNL-13421 2.00E-05 4.70E-03
78 Pt 4.00E-03 ORNL-5786 2.00E-04 4.00E-03
94 Pu 1.00E-05 PNNL-13421 5.00E-07 1.00E-04
88 Ra 9.00E-04 PNNL-13421 2.50E-04 1.00E-03
37 Rb 1.00E-02 PNNL-13421 1.00E-02 3.10E-02
75 Re 8.00E-03 PNNL-13421 1.00E-04 1.00E-02
45 Rh 2.00E-03 PNNL-13421 1.00E-03 2.00E-03
86 Rn 0 NCRP-123 0 0
44 Ru 5.00E-02 PNNL-13421 2.00E-03 4.00E-01
16 S 2.00E-01 PNNL-13421 1.00E-01 2.00E-01
51 Sb 1.00E-03 PNNL-13421 4.00E-05 4.00E-03
21 Sc 1.50E-02 PNNL-13421 2.00E-03 1.50E-02

Page 462 of 736




Performance Assessment for the

SRS-REG-2007-00002

F-Tank Farm at the Savannah River Site Revision 0
June 27, 2008
Table 4.6-3: Feed-to-Meat Transfer Factors (d/kg) (Continued)
Atomic Feed-to-Meat Transfer Factors
Element -

No. Value Reference Min. Max.
34 Se 1.50E-02 PNNL-13421 1.50E-02 1.00E-01
14 Si 4.00E-05 PNNL-13421 4.00E-05 3.00E-04
62 Sm 3.16E-04 PNNL-13421 2.00E-05 5.00E-03
50 Sn 8.00E-02 PNNL-13421 1.00E-02 8.00E-02
38 Sr 8.00E-03 PNNL-13421 3.00E-04 1.00E-02
73 Ta 1.34E-05 PNNL-13421 3.00E-07 6.00E-04
65 Tb 2.00E-05 PNNL-13421 2.00E-05 4.50E-03
43 Tc 6.32E-03 PNNL-13421 1.00E-04 4.00E-01
52 Te 7.00E-03 PNNL-13421 7.00E-03 7.70E-02
90 Th 4.00E-05 PNNL-13421 6.00E-06 2.00E-04
22 Ti 1.73E-04 ORNL-5786 1.00E-06 3.00E-02
81 Tl 4.00E-02 PNNL-13421 2.00E-03 4.00E-02
69 Tm 4.50E-03 ORNL-5786 2.00E-03 4.50E-03
92 U 3.00E-04 PNNL-13421 2.00E-04 8.00E-04
23 \'% 2.50E-03 ORNL-5786 2.50E-03 1.00E-02
74 A\ 4.00E-02 PNNL-13421 1.30E-03 4.50E-02
39 Y 1.00E-03 PNNL-13421 3.00E-04 8.00E-03
70 Yb 4.00E-03 ORNL-5786 2.00E-03 4.00E-03
30 Zn 1.00E-01 PNNL-13421 3.00E-02 1.00E-01
40 Zr 1.84E-04 PNNL-13421 1.00E-06 3 40E-02

[WSRC-STI-2007-00004, Table B-3]
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Table 4.6-4: Water-to-Fish Bioaccumulation Factors (L/kg)
Atomic El Water-to-Fish Bioaccumulation Factors
ement
No. Value Reference Min. Max.

89 Ac 2.50E+01 PNNL-13421 1.50E+01 2.50E+01
47 Ag 5.00E+00 PNNL-13421 2.30E+00 5.00E+00
13 Al 5.00E+02 NCRP-123 1.00E+01 5.00E+02
95 Am 3.00E+01 PNNL-13421 2.10E+01 2.40E+03
33 As 1.70E+03 PNNL-13421 1.00E+02 1.70E+03
85 At 1.50E+01 NCRP-123 1.50E+01 1.50E+01
79 Au 3.30E+01 PNNL-13421 3.30E+01 3.50E+01
56 Ba 4.00E+00 PNNL-13421 4.00E+00 2.00E+02
4 Be 1.00E+02 PNNL-13421 2.00E+00 1.00E+02
83 Bi 1.50E+01 PNNL-13421 1.00E+01 1.50E+01
97 Bk 2.50E+01 NCRP-123 2.50E+01 2.50E+01
35 Br 4.00E+02 PNNL-13421 4.00E+02 4.20E+02
6 C 5.00E+04 PNNL-13421 4.60E+03 5.00E+04
20 Ca 4.00E+01 PNNL-13421 4.00E+01 1.00E+03
48 Cd 2.00E+02 PNNL-13421 2.00E+02 2.00E+02
58 Ce 3.00E+01 PNNL-13421 1.00E+00 | 5.00E+02
98 Ccf 2.50E+01 PNNL-13421 2.50E+01 2.50E+01
17 Cl 5.00E+01 PNNL-13421 5.00E+01 1.00E+03
96 Cm 3.00E+01 PNNL-13421 2.10E+01 2.50E+02
27 Co 3.00E+02 PNNL-13421 5.00E+01 3.30E+02
24 Cr 4.00E+00 PNNL-13421 4 .00E+00 2.00E+02
55 Cs 3.00E+03 SRT-EST-2003-00134 | 2.00E+03 4.70E+03
29 Cu 2.00E+02 - PNNL-13421 5.00E+01 2.00E+02
66 Dy 3.00E+01 PNNL-13421 3.00E+01 3.00E+01
68 Er 3.00E+01 PNNL-13421 3.00E+01 3.00E+01
99 Es 2.50E+01 NCRP-123 1.00E+01 2.50E+01
63 Eu 3.00E+01 PNNL-13421 2.50E+01 5.00E+01
9 F 1.00E+01 PNNL-13421 1.00E+01 1.00E+01
26 Fe 2.00E+02 PNNL-13421 1.00E+02 2.00E+03
87 Fr 3.00E+01 NCRP-123 3.00E+01 3.00E+01
31 Ga 4.00E+02 PNNL-13421 3.33E+02 4.00E+02
64 Gd 3.00E+01 PNNL-13421 2.50E+01 3.00E+01
32 Ge 4.00E+03 NCRP-123 3.33E+03 4.00E+03
2 He 1.00E+00 PNNL-13421 1.00E+00 1.00E+00

1 H 1.00E+00 NCRP-123 9.00E-01 1.00E+00
72 Hf 3.00E+02 PNNL-13421 3.33E+00 3.00E+02
80 Hg 1.00E+03 PNNL-13421 1.00E+03 1.00E+03
67 Ho 3.00E+01 PNNL-13421 2.50E+01 3.00E+01
53 I 4.00E+01 PNNL-13421 1.50E+01 5.00E+02
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Table 4.6-4: Water-to-Fish Bioaccumulation Factors (L/kg) (Continued)

Atomic

Water-to-Fish Bioaccumulation Factors

Element

No. Value Reference Min. Max.
49 In 1.00E+04 PNNL-13421 1.00E+04 1.00E+05
77 Ir 1.00E+01 PNNL-13421 1.00E+01 1.00E+01
19 K 1.00E+03 PNNL-13421 1.00E+03 1.00E+04
57 La 3.00E+01 PNNL-13421 2.50E+01 3.00E+01
71 Lu 2.50E+01 NCRP-123 2.50E+01 2.50E+01
12 Mg 5.00E+01 PNNL-13421 5.00E+01 5.00E+01
25 Mn 4.00E+02 PNNL-13421 1.00E+02 4.00E+02
42 Mo 1.00E+01 PNNL-13421 1.00E+01 1.00E+01
7 N 2.00E+05 PNNL-13421 1.50E+05 2.00E+05
11 Na 2.00E+01 PNNL-13421 8.00E+00 1.00E+02
41 Nb 3.00E+02 PNNL-13421 2.00E+02 3.00E+04
60 Nd 3.00E+01 PNNL-13421 2.50E+01 1.00E+02
28 Ni 1.00E+02 PNNL-13421 1.00E+02 1.00E+02
93 Np 2.10E+01 PNNL-13421 1.00E+01 2.50E+02
8 6] 1.00E+00 PNNL-13421 1.00E+00 1.00E+00
76 Os 1.00E+03 PNNL-13421 1.00E+01 1.00E+05
15 P 5.00E+04 PNNL-13421 1.50E+03 1.00E+05
91 Pa 1.00E+01 PNNL-13421 1.00E+01 1.13E+01
82 Pb 3.00E+02 PNNL-13421 1.00E+02 3.00E+02
46 Pd 1.00E+01 PNNL-13421 1.00E+01 1.00E+01
61 Pm 3.00E+01 PNNL-13421 2.50E+01 3.00E+01
84 Po 5.00E+01 PNNL-13421 5.00E+01 5.00E+02
59 Pr 3.00E+01 PNNL-13421 2.50E+01 1.00E+02
78 Pt 3.50E+01 NCRP-123 3.50E+01 1.00E+02
94 Pu 3.00E+01 PNNL-13421 3.50E+00 4.70E+03
88 Ra 5.00E+01 PNNL-13421 5.00E+01 7.00E+01
37 Rb 2.00E+03 PNNL-13421 2.00E+03 2.00E+03
75 Re 1.20E+02 PNNL-13421 1.19E+02 1.20E+04
45 Rh 1.00E+01 PNNL-13421 1.00E+01 1.00E+01
45 Rn 0 NCRP-123 0 5.70E+01
44 Ru 1.00E+02 PNNL-13421 1.00E+01 1.00E+02
16 S 8.00E+02 PNNL-13421 7.50E+02 1.00E+03
51 Sb 1.00E+02 PNNL-13421 1.00E+00 2.00E+02
21 Sc 1.00E+02 PNNL-13421 1.00E+02 1.00E+02
34 Se 1.70E+02 PNNL-13421 1.70E+02 2.00E+02
14 Si 2.00E+01 PNNL-13421 2.50E+00 2.00E+01
62 Sm 3.00E+01 PNNL-13421 2.50E+01 3.00E+01
50 - Sn 3.00E+03 PNNL-13421 3.00E+03 3.00E+03
38 Sr 6.00E+01 PNNL-13421 3.00E+01 5.01E+02
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Table 4.6-4: Water-to-Fish Bioaccumulation Factors (L/kg) (Continued)
Atomic £l Water-to-Fish Bioaccumulation Factors
ement
No. Value Reference Min. Max.
73 Ta 3.00E+02 PNNL-13421 1.00E+02 3.00E+04
65 Tb 3.00E+01 PNNL-13421 2.50E+01 3.00E+01
43 - Tc 2.00E+01 PNNL-13421 1.50E+01 2.00E+01
52 Te 4.00E+02 PNNL-13421 4.00E+02 4.00E+02
90 Th 1.00E+02 PNNL-13421 3.00E+01 1.00E+02
22 Ti - 1.00E+03 NCRP-123 1.00E+03 1.00E+03
81 TI 1.00E+04 PNNL-13421 1.00E+04 1.00E+04
92 U 1.00E+01 PNNL-13421 2.00E+00 5.00E+01
23 A% 2.00E+02 NCRP-123 1.00E+01 2.00E+02
74 W 1.00E+01 PNNL-13421 1.00E+01 1.20E+03
39 Y 3.00E+01 PNNL-13421 2.50E+01 3.00E+01
30 Zn 3.50E+02 PNNL-13421 3.50E+02 2.50E+03
40 Zr 3.00E+02 PNNL-13421 3.30E+00 3.00E+02

[WSRC-STI-2007-00004, Table B-4]

4.6.2

Human Health Exposure Parameters (Consumption Rates)

This section documents the Human Health Exposure parameters (i.e., consumption rates)
used in the FTF PA modeling effort. The parameters utilized were compared to a number of
other DOE facilities and generic national references to establish relevance of the parameters
selected and/or verify the regional differences for the southeastern United States. The values
for the parameters recommended were based on expected values along with a range for these
values versus estimating an annual dose to the MEI. The consumption rates that SRS utilized
for the FTF PA appear in Tables 4.6-5 through 4.6-7. The data in these tables were taken
from WSRC-STI-2007-00004.

4.6.2.1  Human Health Exposure Parameters Methodology

A report entitled Baseline Parameter Update for Human Health Input and Transfer Factors
Jfor Radiological Performance Assessments at the Savannah River Site documents the results
of the SRS evaluation and reviews of consumption rates. [WSRC-STI-2007-00004] Refer to
this report for additional discussion on parameters such as water ingestion rates, crop yields,
garden fractions and sizes along with soil exposure times. This report established a single
Human Health Exposure parameters source that is up to date with existing data and
maintained current via periodic reviews.

In developing the report, a comprehensive literature review was completed and references
were updated to include the latest available information. In general, the values from more
recent compilations were recommended, rather than those in older publications. This report
includes information to establish a range of values for each parameter which were used to
perform uncertainty analysis.
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A hierarchy of data sources was established to select values for human health exposure
parameters. The utilization of site-specific values from the most recent and comprehensive
references are given priority. Values promulgated by national or international organizations
were used as representative of the SRS area practices in the absence of site-specific values.
The Risk-Based Screening of Radionuclide Releases from the Savannah River Site was used
as a source to validate the receptor practices in the areas surrounding SRS. [CDC-2005] The
values given for the parameters are given as expected values, together with an observed
range.

Site-specific information is available for most of the human health exposure parameters
required to estimate doses. Land and Water-Use Characteristics in the Vicinity of the
Savannah River Site and Site-Specific Parameter Values for the Nuclear Regulatory
Commission's Food Pathway Dose Model, surveyed county agents in South Carolina and
Georgia and compiled county-specific statistics on land and water use within a 50-mile
radius of SRS. [WSRC-RP-91-17, ISSN: 0017-9078 - Volume 62, Page 136] When these
reports do not provide site-specific information for physical parameters and consumption
rates, global data are used. [WSRC-RP-91-17, ISSN 0017-9078 - Volume 62, Page 136]
Documents ANL-EAD-4 and ANL-EAIS-8 provide data for use in RESRAD, a NRC and
DOE supported dose model, based on literature review of standard values and publications.
The EPA report Exposure Factors Handbook summarizes and recommends human health
exposure parameter data for human exposure to environmental contaminants based on studies
published through August 30, 1997. [EPA-600-P-95-002] NUREG-CR-5512 provides
generic and site-specific human health data for estimating dose from exposure to residual
radioactive contamination.

The general hierarchy of the global data use is listed below:

Site-Specific [WSRC-RP-91-17, ISSN 0017-9078, Volume 62, Page 136]
Other site- or regional- specific publications [CDC-2005]

EPA Exposure Factors Handbook [EPA-600-P-95-002]

RESRAD Version 6 [ANL-EAD-4, ANL-EAIS-8]

NUREG-CR-5512
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Table 4.6-5: Crop Exposure Times and Productivity
Parameter Value Reference Min Max
Pasture exposure
time to irrigation 30 I0CFR 30, Reg. | 4, 90
Guide 1.109

(days)
Vegetable crop
exposure times to 70 WSRC-RP-91-17 60 90
irrigation(days)
Soil exposure time
period to irrigation . .
(days) (Buildup 183 Scenario-specific 60 365
time in soil)
Productivity
Pasture grass
R M I el M N S
Agricultural
(veg/produce) 0.7 WSRC-RP-91-17 0.5 4
(kgfm?) USROS BRI IS
Vegetable crop
yield (ke/m?) 0.7 WSRC-RP-91-17 0.2 4
Fraction of
Foodstuff All-Pathway | Intruder
Produced Locally
Vegetables | . 0173 ]..0308 |EPA-600-P-95-002) O | 0.5 .
Meat o 0306 | ...0319 |EPA-600-P-95-002| 0 | 0.5 .
Milk 0.207 0.254 EPA-600-P-95-002 0 0.5
Dilution Factor for mixing of stabilized contaminants in vegetable garden
Agricultural 0.2 NUREG-CR-3620| 0.2 0.2
Scenario ... ORI SN NSOUS—
Post-Dplhng 0.02 WSRC-RP-94- 0.002 002
Scenario 0218

[Based on WSRC-STI-2007-00004, Table 3-1]
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Table 4.6-6: Physical Parameters
Parameter Value Reference Min Max
Areal density of soil 240 WSRC-RP-93-1174 180 270
(kg/m”)
Soil Density (kg/m’) 1,600 WSRC-TR-93-304 1,350 1,600
Atmospheric mass loading
ofsoil (kg/m) . SRR RTRONS NN S
while working in 1.00E-07 WSRC-RP-94-0218 1.0E-09 3.0E-07
..... garden e e L
while residing in home | 1.00E-08 WSRC-RP-94-0218 1.0E-09 3.0E-08
Depth of garden (cm) 15 WSRC-TR-93-304 15 61
Garden irrigation rate 3.6* WSRC-RP-93-1174 2.08 5.5
(L/d/m?)
Fraction of the year that 0.2 Estimated (70/365)** 0.2 0.25
crops are irrigated
Crop weathering constant | 0.0495 10 CFR 50, Reg. Guide 0.03 0.0495
(L/d) 1.109
Fractional retention of 0.25 10 CFR 50, Reg. Guide 0.2 0.25
deposition on leaves 1.109
Area of garden for family 100 Based on Section 3.3 100 1,000
of four (m?) estimate from WSRC-STI-
2007-00004

[Based on WSRC-STI-2007-00004, Table 3-2]
*Based on an assumption of 1 in/wk = 0.36 cm/d. For a 1 m® area, 0.36 cm/d x 10,000 cm?*/m*x

1L/1000 cm®=3.6 L/d/m>.

**Based on literature validation of estimated 70 days of irrigation in growing season of total

year.
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Table 4.6-7: Individual Exposure Times and Consumption Rates

Recommendation
Parameter -
Value Reference Min Max
Breathing rate (m3/year) 5,548 | EPA-600-P-95-002 1,267 11,600
Consumption Rate
Soil (kg/year) 0.0365 | EPA-600-P-95-002 0.0008 0.05
Leafy vegetable (kg/year) 21 ISSN 0017-9078 18 43
Other vegetable (kg/year) 163 | ISSN 0017-9078 90 276
Meat (kg/year) 43 ISSN 0017-9078 26 81
Finfish (kg/year) 9 ISSN 0017-9078 22 19
Seafood (kg/year) 0 ISSN 0017-9078 0 5
Milk (L/year) 120 | ISSN 0017-9078 73.7 230
Water (L/year) 337 | EPA-822-R-00-001 184 730
Fodder-Beef cattle (kg/day) 36 WSRC-RP-91-17 27 50
Fodder-Milk cattle (kg/day) 52 WSRC-RP-91-17 36 55
Fraction of milk-cow intake ”
from pasture 0.56 [ ISSN 0017-9078 0.05 1
Fraction of beef-cow intake :
from pasture 0.75 | ISSN 0017-9078 0.05 1
Water (beef cow) (L/day) 28 | WSRC-RP-93-1174 28 50 ‘
Water (milk cow) (L/day) 50 WSRC-RP-93-1174 50 60
Exposure Time
Shoreline (hour/years) 23 WSRC-RP-91-17 11 35
Swimming (hours/year) 8.9 WSRC-RP-91-17 8.9 13
Boating ( hours/year) 21 WSRC-RP-91-17 9.1 21
Showering (minutes/day) 10 EPA-600-P-95-002 10 30
Fraction of year working in
garden 0.01 | NUREG-CR-1759 0.01 0.08
Fraction of year residing in
home 0.7 | EPA-600-P-95-002 0.3 0.7
Fraction of time cattle on
pasture (per year) 1 WSRC-RP-91-17 0.75 1
Transport (days)
Vegetables 6 ANL-EAD-4 6 14
Feed-milk-man transport time 3 WSRC-RP-91-17 1 4
Time from slaughter to
consumption 6 WSRC-RP-91-17 6 20

[Based on WSRC-STI-2007-00004, Table 4-1]
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4.7  Dose Analysis

Over time, the mobile contaminants in the FTF waste tanks and ancillary equipment will
gradually migrate downward through unsaturated soil to the hydrogeologic units comprising the
shallow aquifer underlying the FTF. Some contaminants will be transported by groundwater
through the aquifers to the outcrops at Fourmile Branch and UTR. Upon reaching the surface
water, the contaminants could be present at the seepline, in sediments at the bottom of streams,
and at the shoreline. Human receptors could be exposed to contaminants through various
pathways associated with the aquifers and surface water as described in Section 4.2.4.

The potential dose to MOP via the air pathway was also evaluated as described in Section 4.5.

4.7.1 Dose Conversion Factors

The purpose of this section is to present the set of DCFs used in dose calculations for the FTF
PA modeling effort. A comprehensive list of DCFs was prepared and included in Table4.7-
1, even though only a subset of the values listed was actually utilized in the PA modeling.

Radiation doses to humans may result from internal intake of radionuclides by inhalation or
ingestion or from external exposure to radionuclides present in the environment. Dose
assessment at SRS is carried out by considering radionuclide concentrations in environmental
media, factoring in human exposure conditions, and performing the conversion of exposure
to dose. For internal exposure, radionuclide activity intake is calculated by combining the
radioactivity concentration in environmental media (e.g., food, soil, air, and water) with the
amount of environmental medium taken into the body. Then, using internal DCFs,
radionuclide intake is converted into dose. To assess exposure from external sources, SRS
uses external DCFs that convert radionuclide concentrations in environmental media to doses
for the duration of exposure. Only internal DCFs for adults were utilized in the FTF PA.

4.7.1.1 Internal DCFs

Previous SRS PA analyses utilized the DCFs from EPA Federal Guidance Report 11,
published in 1988. [EPA-520-1-88-020] The International Commission on Radiological
Protection (ICRP) published new DCFs based upon updated dosimetric models in ICRP
Publication 72 in 1996. [ICRP-72] The DOE has begun using the ICRP models for
occupational exposure internal dose assessments at different sites including SRS and they are
also used for SRS safety basis calculations. Safety Basis Documents, as defined in 10 CFR
830, Subpart B, are the DSA and hazard controls that provide reasonable assurance that a
DOE nuclear facility can be operated safely in a manner that adequately protects workers, the
public, and the environment. [10 CFR 830]

The DCFs are converted to standard units for input into the calculations by multiplying the
ICRP 72 DCFs by 3.7E+06 (Sv/Bq x 3.7E+6 = rem/uCi). [ICRP-72] The internal DCFs in
rem/puCi are presented in Table 4.7-1 for the various radionuclides. For inhalation DCFs, the
most likely lung absorption type from Table 2 of ICRP-72 was used if available, and if not
available, the most conservative type was assumed.

Because the ICRP data is the most recent data available and is based on the most recent
dosimetric models, the ICRP 72 DCFs are used for this FTF PA analysis. [ICRP-72]
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4.7.1.2 External DCFs

External DCFs for uniformly distributed contamination at an infinite depth with no shielding
and at 15 cm are taken from EPA Federal Guidance Report 12. [EPA-402-R-93-081] The
external DCFs in EPA-402-R-93-081 represent the dose rate per unit of activity of soil
contaminated at various depths, reported in SI units (Sv/s per Bg/m’). The DCFs are
converted to standard units for input into PA calculations by multiplying the Federal
Guidance Report No. 12 DCF by 1.168E+14 ((rem/yr per nCi/m’) / (Sv/s per Bg/m®)) [EPA-
402-R-93-081] External DCFs in rem/yr per pCi/m’ are presented in Table 4.7-1 for various
radionuclides.

Table 4.7-1: Internal and External Dose Conversion Factors

Internal D.CFS External DCFs (rem/yr per pCi/m’
Radionuclide (rem/uCi) : (rem/yr per M)
Ingestion | Inhalation Ill;?gtlltle 1Scm Im‘lvnzt'esni.on

Ac-225 8.88E-02 | 3.15E+01 | 3.98E-05 3.90E-05 1.88E-04
Ac-227 4.07E+00 | 2.04E+03 | 3.10E-07 3.06E-07 1.52E-06
Ac-228 1.59E-03 [ 9.25E-02 3.74E-03 3.22E-03 1.21E-02
Al-26 1.30E-02 | 7.40E-02 1.09E-02 9.03E-03 3.43E-02
Am-241 7.40E-01 | 1.55E+02 | 2.73E-05 2.73E-05 2.20E-04
Am-242 1.11E-03 | 6.29E-02 3.12E-05 3.12E-05 1.61E-04
Am-242m 7.03E-01 | 1.37E+02 | 1.06E-06 1.05E-06 8.50E-06
Am-243 7.40E-01 | 1.52E+02 | 8.88E-05 8.88E-05 5.77E-04
Ar-39 -- -- 5.40E-07 5.31E-07 2.06E-06
At-217 - -- 1.11E-06 1.01E-06 3.76E-06
At-218 - -- 3.65E-06 3.65E-06 3.21E-05
Ba-133 5.55E-03 1.15E-02 1.24E-03 1.15E-03 4.57E-03
Ba-137m -- - 2.25E-03 2.00E-03 7.31E-03
B1-210 4.81E-03 | 3.44E-01 2.25E-06 2.17E-06 7.39E-06
Bi-211 -~ - 1.60E-04 1.49E-04 5.66E-04
Bi-212 9.62E-04 | 1.15E-01 7.32E-04 6.26E-04 2.34E-03
Bi-213 7.40E-04 | 1.11E-01 4.79E-04 4.38E-04 1.62E-03
Bi-214 4.07E-04 | 5.18E-02 6.13E-03 5.09E-03 1.94E-02
Bk-249 3.59E-03 | 5.92E-01 2.91E-09 2.90E-09 1.89E-08
C-14 2.15E-03 | 7.40E-03 8.41E-09 8.41E-09 5.13E-08
Ca-41 7.03E-04 | 3.52E-04 -- - --
Cd-113m 8.51E-02 | 4.07E-01 4.05E-07 3.99E-07 1.57E-06
Ce-144 1.92E-02 1.33E-01 4.49E-05 4.44E-5 2.23E-04
Cf-249 1.30E+00 | 2.59E+02 | 1.16E-03 1.07E-03 4.03E-03
C£-250 5.92E-01 1.26E+02 | 7.40E-08 7.40E-08 1.24E-06
Cf-251 1.33E+00 | 2.63E+02 | 3.29E-04 3.22E-04 1.45E-03
Cf-252 3.33E-01 | 7.40E+01 1.10E-07 1.10E-07 1.38E-06
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Table 4.7-1: Internal and External Dose Conversion Factors (Continued)

Internal DCFs .3
. External DCFs (rem/yr per pCi/m
Radionuclide (rem/L.Ci) : (rem/yy per hEvm)
Ingestion | Inhalation I]l;tei:tlltle 15 cm Im‘lvn?a:fsni‘on

Cl1-36 3.44E-03 | 2.70E-02 1.50E-06 1.42E-06 5.23E-06
Cm-242 4.44E-02 | 1.92E+01 1.07E-07 1.06E-07 1.55E-06
Cm-243 5.55E-01 1.15E+02 | 3.64E-04 3.53E-04 1.52E-03
Cm-244 4.44E-01 | 9.99E+01 7.87E-08 7.87E-08 1.34E-06
Cm-245 7.77E-01 1.55E+02 | 2.13E-04 2.10E-04 1.03E-03
Cm-246 7.77E-01 1.55E+02 | 7.26E-08 7.26E-08 1.23E-06
Cm-247 7.03E-01 1.44E+02 1.11E-03 1.03E-03 3.82E-03
Cm-248 2.85E+00 | 5.55E+02 | 5.49E-08 5.49E-08 9.30E-07
Co-60 1.26E-02 | 3.70E-02 1.01E-02 8.47E-03 3.20E-02
Cs-134 7.03E-02 | 2.44E-02 5.92E-03 5.22E-03 1.92E-02
Cs-135 7.40E-03 | 2.55E-03 2.39E-08 2.40E-08 1.28E-07
Cs-137 4.81E-02 1.70E-02 4.70E-07 4.60E-07 1.74E-06
Eu-152 5.18E-03 1.55E-01 4.38E-03 3.76E-03 1.44E-02
Eu-154 7.40E-03 1.96E-01 4.80E-03 4.11E-03 1.55E-02
Eu-155 1.18E-03 | 2.55E-02 1.14E-04 1.14E-04 6.55E-04
Fr-221 -- - 9.60E-05 9.23E-05 3.76E-04
Fr-223 8.88E-03 | 3.29E-03 1.24E-04 1.18E-04 5.97E-04
Gd-152 1.52E-01 | 7.03E+01 -~ - -
H-3 6.66E-05 1.67E-04 -- -- -
1-129 4.07E-01 1.33E-01 8.10E-06 8.10E-06 1.04E-04
K-40 2.29E-02 | 7.77E-03 6.51E-04 5.34E-04 2.03E-03
Kr-85 -- -- 8.94E-06 8.14E-06 2.98E-05
Mo-93 1.15E-02 | 2.18E-03 3.69E-07 3.69E-07 6.91E-06
Na-22 1.18E-02 | 4.81E-03 8.55E-03 7.37E-03 2.74E-02
Nb-93m 4 44E-04 1.89E-03 6.50E-08 6.50E-08 1.21E-06
Nb-94 6.29E-03 | 4.07E-02 6.05E-03 5.29E-03 - 1.95E-02
Ni-59 2.33E-04 | 4.81E-04 - -- -
Ni-63 5.55E-04 1.78E-03 -- -- -
Np-237 4.07E-01 | 8.51E+01 | 4.87E-05 4.86E-05 2.71E-04
Np-238 3.37E-03 | 7.77E-03 2.15E-03 1.84E-03 6.88E-03
Np-239 2.96E-03 3.44E-03 4.71E-04 4.56E-04 1.99E-03
Np-240 3.03E-04 | 3.15E-04 4.83E-03 4.26E-03 1.60E-02
Np-240m - - 1.26E-03 1.11E-03 4.10E-03
Pa-231 2.63E+00 | 5.18E+02 1.19E-04 1.12E-04 4.42E-04
Pa-233 3.22E-03 1.44E-02 6.38E-04 6.03E-04 2.39E-03
Pa-234 1.89E-03 1.48E-03 7.22E-03 6.28E-03 2.37E-02
Pa-234m -- - 5.61E-05 4 90E-05 1.78E-04
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Table 4.7-1: Internal and External Dose Conversion Factors (Continued)
Internal DCFs .3
. External DCFs (rem/yr per uCi/m
Radionuclide (rem/uCi) : (rem/yr per pCT)
Ingestion | Inhalation I]l;t::tlltle 15 cm Im‘xvn?a:'?i-on

Pb-209 2.11E-04 | 2.07E-04 | 4.83E-07 4.76E-07 1.83E-06
Pb-210 2.55E+00 | 4.07E+00 | 1.53E-06 1.53E-06 1.53E-05
Pb-211 6.66E-04 | 4.07E-02 | 1.91E-04 1.70E-04 6.32E-04
Pb-212 2.22E-02 | 6.29E-01 | 4.40E-04 4.23E-04 1.78E-03
Pb-214 5.18E-04 | 5.18E-02 | 8.39E-04 7.83E-04 3.03E-03
Pd-107 1.37E-04 | 2.18E-03 -- -- --
Pm-147 9.62E-04 | 1.85E-02 | 3.13E-08 3.12E-08 1.64E-07
Po-210 4 44E+00 | 1.22E+01 | 3.27E-08 2.86E-08 1.05E-07
Po-211 -- -- 2.98E-05 2.62E-05 9.66E-05
Po-212 -- -- -- -~ --
Po-213 -- -- -- -- --
Po-214 -- -- 3.21E-07 2.80E-07 1.03E-06
Po-215 -- -- 6.35E-07 5.82E-07 2.15E-06
Po-216 -- -- 6.52E-08 5.69E-08 2.10E-07
Po-218 -- -- 3.53E-08 3.07E-08 1.13E-07
Pr-144 1.85E-04 | 6.66E-05 1.58E-04 1.32E-04 4.85E-04 ‘
Pu-238 8.51E-01 | 1.70E+02 | 9.46E-08 9.43E-08 1.33E-06
Pu-239 9.25E-01 | 1.85E+02 | 1.85E-07 1.78E-07 1.12E-06
Pu-240 9.25E-01 | 1.85E+02 | 9.17E-08 9.16E-08 1.30E-06
Pu-241 1.78E-02 [ 3.33E+00 | 3.69E-09 3.68E-09 1.89E-08
Pu-242 8.88E-01 | 1.78E+02 | 8.00E-08 8.00E-08 1.09E-06
Pu-243 3.15E-04 | 3.07E-04 | 4.98E-05 4.90E-05 2.70E-04
Pu-244 8.88E-01 | 1.74E+02 | 4.72E-08 4.72E-08 8.13E-07
Ra-223 3.70E-01 | 2.74E+01 | 3.77E-04 3.62E-04 1.58E-03
Ra-224 2.41E-01 | 1.11E+01 | 3.20E-05 3.06E-05 1.20E-04
Ra-225 3.66E-01 | 2.33E+01 | 6.89E-06 6.89E-06 7.58E-05
Ra-226 1.04E+00 | 1.30E+01 | 1.99E-05 1.93E-05 8.12E-05
Ra-228 2.55E+00 | 9.62E+00 -- -- --
Rb-87 5.55E-03 | 1.85E-03 | 8.81E-08 8.78E-08 4.13E-07
Re-188 5.18E-03 | 2.00E-03 | 2.01E-04 1.83E-04 7.31E-04
Rh-106 -- -- 8.07E-04 7.18E-4 2.62E-3
Rn-219 -- -- 1.93E-04 1.80E-04 6.83E-04
Rn-220 -- -- 1.44E-06 1.28E-06 4.71E-06
Rn-222 -- -- 1.47E-06 1.33E-06 4 86E-06
Ru-106 2.59E-02 | 1.04E-01 -- -- --
S-35 4.81E-04 [ S.18E-03 | 9.31E-09 9.31E-09 5.54E-08
Sb-125 4.07E-03 | 1.78E-02 | 1.53E-03 1.38E-03 5.13E-03
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Table 4.7-1: Internal and External Dose Conversion Factors (Continued)

Internal DCFs .3
. External DCFs (rem/yr per pCi/m
Radionuclide (rem/uCi) : ( ks ‘
Ingestion | Inhalation I]';t::tlltle 15 cm Im‘rvnzies:;on

Sb-126 8.88E-03 1.04E-02 1.07E-02 9.50E-03 3 49E-02
Sb-126m 1.33E-04 | 7.03E-05 5.82E-03 5.19E-03 1.90E-02
Sc-46 5.55E-03 | 2.52E-02 7.93E-03 6.77E-03 2.52E-02
Se-79 1.07E-02 | 4.07E-03 1.16E-08 1.16E-08 6.93E-08
Sm-151 3.63E-04 1.48E-02 6.15E-10 6.15E-10 9.93E-09
Sn-121 8.51E-04 | 8.51E-04 1.23E-07 1.21E-07 5.37E-07
Sn-121m 1.41E-03 1.67E-02 1.23E-06 1.23E-06 1.65E-05
Sn-126 1.74E-02 1.04E-01 9.22E-05 9.22E-05 5.56E-04
Sr-90 1.04E-01 1.33E-01 4 40E-07 4.34E-07 1.71E-06
Tc-99 2.37E-03 1.48E-02 7.85E-08 7.82E-08 3.67E-07
Te-125m 3.22E-03 1.26E-02 9.47E-06 9.46E-06 1.24E-04
Th-227 3.26E-02 | 3.70E+01 3.26E-04 3.10E-04 1.25E-03
Th-228 2.66E-01 1.48E+02 | 4.96E-06 4.87E-06 2.39E-05
Th-229 1.81E+00 | 2.63E+02 | 2.01E-04 1.99E-04 1.00E-03
Th-230 7.77E-01 | 5.18E+01 7.56E-07 7.46E-07 4.60E-06
Th-231 1.26E-03 1.22E-03 2.28E-05 2.27E-05 1.38E-04
Th-232 8.51E-01 | 9.25E+01 | 3.26E-07 3.25E-07 2.32E-06
Th-234 1.26E-02 | 2.85E-02 1.51E-05 1.51E-05 8.92E-05
T1-207 - -- 1.24E-05 1.11E-05 3.95E-05
TI1-208 - - 1.44E-02 1.13E-02 4.49E-02
TI1-209 - - 8.08E-03 6.76E-03 2.59E-02
U-232 1.22E+00 | 2.89E+01 5.64E-07 5.57E-07 3.76E-06
U-233 1.89E-01 | 1.33E+01 8.74E-07 8.46E-07 4 .25E-06
U-234 1.81E-01 1.30E+01 | 2.51E-07 2.50E-07 2.04E-06
U-235 1.74E-01 1.15E+01 | 4.51E-04 4.38E-04 1.86E-03
U-236 1.74E-01 1.18E+01 1.34E-07 1.33E-07 1.35E-06
U-238 1.67E-01 1.07E+01 6.45E-08 6.45E-08 9.29E-07
U-240 4.07E-03 1.96E-03 8.90E-07 8.90E-07 1.06E-05
W-181 2.81E-04 | 9.99E-05 4.78E-05 4.78E-05 3.76E-04
W-185 1.63E-03 | 4.44E-04 2.71E-07 2.69E-07 1.30E-06
W-188 7.77E-03 | 2.11E-03 6.05E-06 5.75E-06 2.31E-05
Y-90 9.99E-03 5.55E-03 1.50E-05 1.40E-05 4.24E-05
Zr-93 4.07E-03 | 3.70E-02 -- -- --
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472 Member of the Public Dose Analysis

Two distinct release scenarios were analyzed to assess the potential MOP doses associated
with the FTF. The difference in the scenarios was the primary water source, with one being a
well drilled into the groundwater aquifers and the other being an FTF stream. The MOP dose
pathways used in the PA analyses are discussed in detail in Section 4.2.4.1.

The consumption rates and bioaccumulation factors that are used in conjunction with the
proposed pathways are discussed in detail in Section 4.6.

4.7.3 Intruder Dose Analysis

Two distinct release scenarios were analyzed to assess the potential intruder doses associated
with the FTF. The intruder scenarios of concern are the Acute Intruder-Drilling Scenario and
the Chronic Intruder Agricultural (Post-Drilling) Scenario. The intruder dose pathways used
in the PA analyses are discussed in detail in Section 4.2.4.2.

The consumption rates and bioaccumulation factors that are used in conjunction with the
proposed pathways are discussed in detail in Section 4.6.

4.7.4 Analysis Approach

The MOP and intruder exposure scenarios were analyzed for FTF to provide results to
demonstrate compliance with the performance criteria. The analysis provides not only the
maximum projected dose and time of occurrence, but also the dominant pathway
contributing to the dose and the radionuclides responsible for the maximum dose.

The groundwater and surface water concentrations and resulting human health impacts are
calculated for the Base Case using the PORFLOW computer code. The analysis approaches
used for FTF are based upon the radionuclide inventories (Sections 3.3.2 and 3.3.3),
stabilized contaminant release mechanisms (Section 4.2.2), and radionuclide transport
models (Section 4.2.3) as described previously in this document.

4.8 RCRA/CERCLA Risk Evaluation

Protocols have been developed, with approval of SCDHEC and the EPA, to support the SRS
SGCP remediation activities. [ERD-AG-003] The protocols provide instructions for the
development of conceptual site models used in the RCRA Facility Investigation and CERCLA
Remedial Investigation (RI) process. These same protocols were used to evaluate the potential
for adverse affects associated with exposure to constituents present at the FTF in the stabilized
contaminants. The evaluation implemented a streamlined approach that uses standardized
lookup tables to estimate risk. The evaluation estimated the risk potential in the absence of
institutional controls at this site and provided a basis for determining whether or not remedial
action is necessary. Groundwater concentrations at the FTF were compared to the SDWA MCL.
In the absence of MCLs, groundwater concentrations were compared to calculated PRGs.
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PRGs are risk-based tools used to evaluate and clean up contaminated sites. The use of PRGs to
evaluate risk/hazard is a simple and accepted method; however this method does not replace the
current Constituent of Potential Concern (COPC) identification process which considers the
residential soil PRGs in the initial screening step.

The EPA Region 9 Table is the source of PRGs for nonradiological constituents; it combines
current EPA toxicity values with standard exposure factors to estimate contaminant
concentrations in environmental media (soil, air, and water) that the agency considers protective
of humans (including sensitive groups), over a lifetime. Region 9 PRG concentrations are based
on direct contact pathways for which generally accepted methods, models, and assumptions have
been developed (i.e., quantitative ingestion, dermal contact, and inhalation factors) for specific
land use conditions. More detailed information can be found at the EPA Region 9 website:
www.epa.gov/region09/waste/sfund/prg/index.htm

The EPA does not publish radiological values in a standardized table as they do nonradiological
PRGs. However, the agency has issued updated guidance on calculation methods used for
determining radionuclide activity screening levels. EPA's Superfund radionuclide PRG website
provides a database tool with which to derive risk-based PRGs calculated using default
parameters and the latest toxicity values. The database tool also allows the user to modify input
parameters to create site-specific PRGs. The PRGs for radiological constituents are identified in
calculation K-CLC-G-00077. The EPA website provides specific details regarding use of the
database tool to calculate the PRGs. [http://epa-prgs.ornl.gov/radionuclides/]

4.8.1 Integrated Site Conceptual Model

The ISCM for FTF (Figure 4.8-1) depicts the understanding of the site and focuses on
identifying potential contaminant migration from the sources to potential receptors. The
ISCM identifies potential sources of contamination, release mechanisms, media of concern,
exposure routes, and potential receptors. For the purposes of the ISCM, the surface soil
interval is defined as the 0 to 0.3m (0 to 1 feet) interval and is evaluated for human and
ecological exposure. The subsurface soil interval is the 0.3 to 1.2m (1 to 4 feet) interval and
is evaluated for ecological exposure. The deep soil interval (>1.2m) is defined on a subunit
specific basis and is evaluated for Principal Threat Source Material (PTSM) (future
excavation scenario) and contaminant migration potential. The approved risk evaluation
approach used in the RCRA Facility Investigation and CERCLA RI process differs slightly
from the general analysis approach used calculating the PA dose results in Sections 5 and 6,
such that there will be some differences between the risk analysis release scenarios (shown in
Figure 4.8-1), and the dose analysis pathways and scenarios (Section 4.2.4).

Initially, the ISCM provides a representation of the source of contamination and how it was
released into the environment. It also includes potential release mechanisms and exposure
routes based on existing understanding of the nature and extent of contamination. For this
evaluation, because the FTF will remain operational while the individual waste tanks are
closed, only the stabilized contamination in the waste tanks is considered. Final closure of
the FTF will include the evaluation of potential surface soil contamination.
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Figure 4.8-1: Integrated Conceptual Site Model for FTF
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4.8.1.1  Primary Source of Contamination

The primary source of contamination was the stabilized contaminants in the FTF waste tanks
and ancillary equipment. Contaminants may be released from primary sources through the
following mechanisms: '

e Release of contaminants (migration) from the waste tanks and ancillary equipment
4.8.1.2  Secondary Sources of Contamination

Environmental media impacted by the release of primary source contamination becomes a
secondary source. After grouting waste tanks and ancillary equipment, at least 10 feet of
material will be placed as backfill. Potential releases from the FTF are then at depths greater
than (1.2m); therefore human and ecological exposure for surface or subsurface soils is
unlikely (incomplete pathway). Secondary sources include the following:

e Deep soils beneath the waste tanks; and
¢ Groundwater

Environmental media may serve as both a contaminant reservoir, via chemical bonding and
biotic uptake, and/or secondary release mechanism of contaminants. Secondary release
mechanisms include the following:

e Leaching of constituents from deep soils to groundwater; and
‘ e Excavation of deep soils

4.8.1.3 Exposure Pathways (Media)

Contact with contaminated environmental media creates exposure pathways for human
receptors. Potential exposure media include the following:

e Excavation of deep soil
4.8.1.4  Exposure Routes
Potential exposure routes for human receptors may include the following:

e Ingestion of excavated soil;

e Inhalation of air vapor and particulates from excavated soil;

e Dermal contact with excavated soil; and

e External radiation exposure from radiological constituents in excavated soil.

4.8.1.5  Receptors

Potential releases from the FTF are at a depth greater than 1.2m (4 feet); therefore, the
standard human and ecological receptor scenarios do not apply. A future industrial worker
scenario is considered for deep soils at the PTSM toxicity threshold to take into account
potential exposure through excavation.

4.8.2 Risk Assessment

The risk assessment for the FTF closure follows the SGCP protocols for human health and
ecological risk assessments. [ERD-AG-003] Based on available characterization data and
‘ estimated volume of residual material expected to remain in each of the waste tanks and
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ancillary equipment, the chemical and radiological inventory used for PA modeling has been
calculated for FTF as discussed in Section 3.3. Modeling was conducted to determine the
peak concentrations of the non-radiological and radiological contaminants in the groundwater
over the next 10,000 years. When each waste tank is closed, analysis will be performed to
compare the actual residual inventory versus the calculated values used in the modeling.

4.8.2.1 Human Health Risk Assessment

SGCP protocols call for evaluation of surface soils from 0 to 1 foot in depth for exposure to a
future industrial worker. Some of the ancillary equipment may currently be within the 0 to 1
foot depth. However, since the waste tanks and ancillary equipment will be stabilized and
covered with at least 10 feet of backfill, there will be no pathway for future industrial worker
exposure. Therefore, no human health risk assessment was required.

4.8.2.2  Ecological Risk Assessment

SGCP protocols call for evaluation of surface soils from 0 to 4 feet for ecological exposure.
Some of the ancillary equipment may currently be within the 0 to 4 foot depth. However,
since the waste tanks and ancillary equipment will be stabilized and covered with at least 10
feet of backfill, there will be no pathway for ecological exposure. Therefore, no ecological
risk assessment was required.

4.8.2.3  Principal Threat Source Materials

PTSM are those materials that include or contain hazardous substances, pollutants or
contaminants that act as a reservoir for migration of contamination to groundwater, surface
water or air, or that act as a source for direct exposure. [OSWER 9380.3-06FS] Source
characterizations are necessary to determine whether the source(s) can be designated as
PTSM, Low-Level Threat Source Material (LLTSM), or non-hazardous materials.

The closed FTF waste tanks and ancillary equipment are, by the above definition, PTSM.
The waste tanks and the residue remaining in the tanks will be stabilized and then covered as
part of tank closure. This approach is consistent with SGCP remediation of reactor seepage
basins which contained contaminated soils determined to be PTSM.

4.8.2.4  Contaminant Migration Constituents of Concern

Contaminant Migration Constituents of Concern (CMCOCs) were identified through a
system that is consistent with both the SGCP protocols and the PA. CMCOCs were
identified by modeling the release of contaminants and their travel through the vadose zone.
The same model utilized in the PA to meet 10 CFR 61 requirements is used as the basis of
the CMCOC evaluation. Any contaminants that are modeled to reach the water table are
compared to MCL or PRG or other appropriate standards in cases where the constituent does
not have an MCL. Any constituents that are predicted to exceed these standards in the
groundwater directly beneath FTF are identified as CMCOCs. CMCOCs are often addressed
by the placement of a low permeability cap such as is planned for the FTF closure.
[www.epa.gov/region09/waste/sfund/prg/index.html]  Risk Assessment modeling results are
discussed in detail in Section 5.7.
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5.0 RESULTS OF ANALYSIS

5.1 Source Term (Analysis Results)

This purpose of this section is to present the peak stabilized contaminant release rates from the
FTF waste tanks and ancillary equipment. The release rates (fluxes) were calculated using the
PORFLOW FTF baseline model presented in Section 4.4. The flux from the FTF waste tanks
and ancillary equipment were calculated at two locations:

1. Exiting the inventory source containment.
2. Entering the upper aquifer below the associated inventory source.

It should be noted that the flux exiting the inventory source containment is different than the flux
leaving the CZ since a radionuclide can leave the CZ and still be held up in the containment.
This fact can lead to peaks associated with containment (e.g., liner) failure since the source
material that left the CZ is collected in the containment and then released simultaneously when
the containment fails.

In the analysis, the release of radionuclides from the waste tanks was controlled in most cases by
solubility, which will vary with pH, and can vary with redox potential as well. All chemicals and
some radionuclides are modeled as being released instantaneously from the CZ. In addition to
solubility, the stabilized contaminant release rate for waste tanks was also impacted by the water
flow through the tank, which varied by tank type and changed over time as the hydraulic
properties of the tank materials changed. The flux from the applicable containment (e.g., transfer
line wall, pump tank wall, evaporator pot wall) was less complicated for the ancillary equipment,
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because the entire waste inventory was released instantaneously from the ancillary source
location when the containment failed. After a contaminant had left its applicable containment,
the basemat retardation (for waste tanks only) and soil retardation impacted the contaminant’s
transport rate into the aquifers.

Table 5.1-1 presents the peak flux (in Ci/yr) from the containment for any FTF source (tank or
ancillary equipment) for the key radionuclides. The determination of the key radionuclides,
radionuclides with peak individual water ingestion doses (assuming 337 L/yr ingestion) greater
than 0.005 mrem/yr is discussed in Section 5.2.2. Appendix A.1 of this document contains data
curves showing the flux (Ci/year) leaving the associated containment for the individual waste
tanks and ancillary equipment out to 20,000 years. The flux is provided for all radionuclides and
chemicals.

Table 5.1-1: Peak Fluxes Exiting Containment Out to 10,000 and 20,000 Years

Peak FTF Year | o2k FTF Year
. Largest . Largest
Flux in . Flux in .
Radionuclide 10.000 Source of Peak Flux in 20.000 Source of Flux in
uch ’ Flux 10,000 ’ Peak Flux 20,000
Years Years
(Cilyr) Years (Cilyr) Years
Occurs Occurs
C-14 9.67E-05 Transfer Lines 511 9.67E-05 Transfer Lines 511
Np-237 1.46E-05 Tank 18 6,001 1.44E-01 Tank 34 15,501
Pa-231 6.58E-08 Tank 18 3,639 1.49E-07 Tank 34 12,752
Pb-210 2.17E-06 Tank 18 3,639 1.55E-04 Tank 34 12,752
Pu-239 1.29E-04 242-3F 2,501 1.29E-04 242-3F 2,501
Pu-240 2.84E-05 242-3F 2,001 3.17E-05 Type II 12,754
Pu-242 3.11E-07 Tanks 17, 18, 19 9,601 4 34E-07 Tank 6 12,700
Ra-226 9.91E-06 Tank 18 3,640 7.51E-04 Tank 34 12,753
Tc-99 4.02E-02 242-3F 511 4.02E-02 242-3F 511
Th-229 3.76E-05 Tank 18 3,639 3.76E-05 Tank 18 3,639
Th-230 1.49E-06 Tank 18 3,639 4.26E-05 Tank 34 12,752
U-233 1.68E-04 Tank 18 5,401 1.68E-04 Tank 18 5,401
U-234 8.98E-05 Tank 18 4,402 9.44E-05 Tank 34 15,501
U-236 2.30E-06 Tank 18 5,401 2.50E-06 Tank 34 15,501
U-238 6.51E-07 Transfer Lines 4,631 6.51E-07 Transfer Lines 4,631

Table 5.1-2 presents the peak flux (Ci/yr) entering the upper aquifer for any FTF source (waste
tank or ancillary equipment) for the key radionuclides. Appendix A.2 of this document contains
data curves showing the waste flux (Ci/year) entering the upper aquifer for the individual waste
tanks and ancillary equipment out to 20,000 years. The flux is provided for all radionuclides and
chemicals.
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Table 5.1-2: Peak Fluxes Entering Upper Aquifer Out to 10,000 and 20,000 Years

Peak Year Peak Year
FTF Largest Largest
. . FTF Flux .
Radionuclid Flux in Source of Peak Flu Flux in in 20.000 Source of Peak | Fluxin
tonuchide 1 40,000 urce ot te X1 10,000 |™7% Flux 20,000
Years
Years Years (Cilyr) Years
(Ci/yr) Occurs y Occurs
C-14 6.29E-05 . Tank 19 3,746 6.29E-05 Tank 19 3,746
Np-237 1.52E-05 Tank 18 6,009 1.75E-04 Tank 34 17,326
Pa-231 8.34E-08 Tank 18 6,001 1.47E-07 Tank 34 16,094
Pb-210 2.24E-08 Transfer Lines 1,501 3.11E-07 Tank 34 13,846
Pu-239 4.13E-06 | Tanks 17,18, 19, 20 9,997 6.45E-05 242-3F 19,999
Pu-240 1.22E-05 | Tanks 17, 18, 19, 20 9,998 1.50E-05 | Tanks 17, 18,19 | 11,229
Pu-242 2.88E-07 | Tanks 17, 18,19, 20 9,997 3.44E-07 | Tanks 17, 18,19 11,141
Ra-226 8.52E-06 Transfer Lines 1,501 1.20E-04 Tank 34 13,807
Tc-99 1.31E-02 Transfer Lines 580 1.31E-02 Transfer Lines 580
Th-229 1.48E-05 Tank 18 10,000 1.69E-05 Tank 18 10,512
Th-230 9.83E-07 Tank 18 10,000 1.43E-06 Tank 18 12,001
U-233 1.36E-04 Tank 18 7,001 1.36E-04 Tank 18 7,001
U-234 5.40E-05 Tank 18 7,001 5.40E-05 Tank 18 7,001
U-236 2.27E-06 Tank 18 7,001 2.27E-06 Tank 18 7,001
U-238 5.13E-08 Transfer Lines 10,000 6.29E-07 Transfer Lines 15,666

5.2 Environmental Transport of Radionuclides

The purpose of this section is to present the groundwater concentrations for all of the
radionuclides and chemicals discussed in the source term screening section of the PA (Section
4.2.1). Maximum groundwater concentrations are presented for two exposure points:

1. 100m from the FTF
2. At the seeplines (UTR and Fourmile Branch)

Results are presented for the three distinct aquifers modeled (UTR-UZ, the UTR-LZ, and the
Gordon aquifer).

The groundwater concentrations at 100m and at the seepline were calculated using the
PORFLOW FTF model for the Base Case discussed in Section 4.4.2.1. A summary of several
key parameters used in the baseline PORFLOW FTF modeling configuration are provided in
Table 5.2-1
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Table 5.2-1: Baseline Configuration

FTF Parameter Baseline
Radiological Inventory Table 3.3-2
Chemical Inventory Table 3.3-3
Solubilities (reduced and oxidized) Table 4.2-10
Vadose K, values Table 4.2-29
Cementitious K values Table 4.2-33
Cementitious Material Degradation Times Table 4.2-32
Type I Basemat thickness (inches) 30
Type III Basemat thickness (inches) 42
Type IIIA Basemat thickness (inches) 41
Type IV Basemat thickness (inches) 6.9025
Bypass Fraction (% Basemat with K;= 0, 0%

Represents fast flow path in GoldSim)

Tank configuration Configuration A (Section 4.4.2.1)
Vadose Zone Thickness Table 4.2-23

Type I Tank Liner failure (year) 12,747

Type II/IHA Tank Liner failure (year) 12,751

Type IV Tank Liner failure (year) 3,638

Ancillary Equipment containment failure 510

(year)

Chemical Tran.sit.ion of tank grout from 371

Reduced to Oxidized (pore volumes)

Chemical Transition of tank grout from 2,063

Region II to Region III (pore volumes)

The uncertainties and sensitivities associated with the Base Case is discussed in detail in Section

5.6.
5.2.1

Groundwater Concentrations at 100m

The 100m groundwater concentrations were calculated using the PORFLOW FTF model,
which divides the area around FTF into computational cells. The green band in Figure 5.2-1
shows the boundary for FTF. The blue dots in Figure 5.2-1 show the 100m distance from
FTF. Figure 5.2-2 illustrates the contaminant flow from the waste tanks. Since contaminant
transport is not via a straight line, but rather by the applicable aquifers, the actual travel
distance to reach 100m from the FTF boundary is greater than 100m for some sources. Table
5.2-2 shows the approximate distances a contaminant has to travel from each waste tank to
reach a point 100m from the FTF boundary in the direction of the flow. The groundwater
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Table 5.2-3: Radiological 100m Concentrations for UTR-UZ (Continued)
Sector A Sector B Sector C Sector D Sector E
Maximum
Contamin- Year Year Year Year Year
Radionuclide | ation Limit Concen- Peak Concen- Peak Concen- Peak Concen- Peak Concen- Peak
(MCL) tration Contri- tration Contri- tration Contri- tration Contri- tration Contri-
(pCi/L) (pCi/L) bution (pCi/L) bution (pCi/L) bution (pCi/L) bution (pCi/L) bution
Occurs Occurs Occurs Occurs Occurs
H-3 20,000 1.76E-12 558 3.17E-12 558 2.04E-11 208 2.21E-09 202 3.38E-09 202
1-129 1 3.10E-04 584 5.30E-04 584 7.77E-04 3,794 6.06E-03 3,792 1.33E-03 3,792
Na_22 400 * * * * * * * * * *
Nb-94 N/A 4.29E-01 564 7.35E-01 562 7.14E-01 560 6.40E-01 560 3.90E-01 560
Ni-59 300 5.82E-01 2,066 9.94E-01 2,036 1.72E+00 7,370 1.68E+01 7,292 1.74E+01 7,286
Ni-63 50 5.19E-04 1,504 1.09E-03 1,474 1.21E-03 1,434 1.01E-03 1,480 3.26E-03 1,208
Np-237 Total a 5.73E-02 1,606 9.80E-02 1,602 9.73E-02 1,596 1.52E+00 6,056 2.16E+00 6,058
Pa-231 Total o 4.41E-05 1,772 7.58E-05 1,768 4.79E-04 6,066 7.70E-03 6,060 1.04E-02 6,058
Pb-210 N/A 1.67E-04 1,708 2.89E-04 1,694 3.34E-04 1,662 1.49E-03 10,000 1.89E-03 10,000
Pm_147 600 * * * * % * * * * *
Pr_144 N/A * * * * * * * * * *
Pu-238 Total a <1.0E-30 5,260 <1.0E-30 7,962 3.30E-26 7,218 1.80E-21 6,668 2.67E-23 6,884
Pu-239 Total a 1.45E-07 10,000 4.20E-09 10,000 2.21E-05 10,000 1.08E-02 10,000 1.37E-02 10,000
Pu-240 Total o 2.47E-08 10,000 7.28E-10 10,000 5.10E-05 10,000 2.72E-02 10,000 3.76E-02 10,000
Pu-241 300 <1.0E-30 10,000 2.90E-31 10,000 5.96E-21 10,000 1.95E-15 10,000 2.81E-15 10,000
Pu-242 Total a 5.75E-10 10,000 1.70E-11 | 10,000 " | 1.62E-06 10,000 8.24E-04 10,000 - -} 1.02E-03 10,000
Pu-244 Total a 2.75E-13 10,000 1.16E-14 10,000 6.90E-09 10,000 3.22E-06 10,000 6.29E-07 10,000
Ra-226 Total a/Ra 6.40E-02 1,686 1.11E-01 1,672 1.28E-01 1,642 5.72E-01 10,000 7.25E-01 10,000
Ra-228 Total Ra 9.85E-14 10,000 9.04E-14 10,000 8.83E-10 10,000 8.31E-08 10,000 1.51E-07 10,000
Rh_106 N/A * * * * * * * * * *
Ru_106 30 * * * * * * * * * *
Sb_125 300 * * * * * * * * * *
Sb_126 N/A * * * * * * * * * *
Sb_ 1 26m N/A * * * * * * * * * *
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Table 5.2-3: Radiological 100m Concentrations for UTR-UZ (Continued)
. Sector A Sector B Sector C Sector D Sector E
Maximum
Contamin- Year Year Year Year Year
Radionuclide ation Limit Concen- Peak Concen- Peak Concen- Peak Concen- Peak Concen- Peak
(MCL) tration Contri- tration Contri- tration Contri- tration Contri- tration Contri-
(pCi/L) (pCi/L) bution (pCi/L) bution (pCi/L) bution (pCi/L) bution (pCi/L) bution
Occurs Occurs Occurs ) Occurs Occurs
Se-79 N/A 6.32E-24 10,000 3.47E-21 10,000 1.43E-11 10,000 1.38E-06 10,000 2.47E-06 10,000
Sm-147 N/A <1.0E-30 10,000 <1.0E-30 10,000 5.41E-24 10,000 1.93E-18 10,000 1.96E-18 10,000
Sm-151 1,000 <1.0E-30 6,688 <1.0E-30 4,574 <1.0E-30 3,666 <1.0E-30 3,056 <1.0E-30 3,274
Sn-126 N/A <1.0E-30 10,000 <1.0E-30 10,000 1.54E-19 10,000 1.63E-12 10,000 2.14E-12 10,000
Sr-90 8 9.89E-10 1,108 3.06E-09 1,084 1.41E-08 1,026 7.09E-09 1,048 1.24E-07 990
Tc-99 900 1.07E+02 598 1.83E+02 596 1.77E+02 594 4.20E+02 586 3.38E+02 584
Te_125m 600 * * * %* * * * % * *
Th-228 Total o 5.71E-16 10,000 5.24E-16 10,000 5.12E-12 10,000 4.83E-10 10,000 8.77E-10 10,000
Th-229 Total o 1.76E-07 10,000 2.77E-07 10,000 1.37E-03 10,000 1.15E-01 10,000 6.03E-02 10,000
Th-230 Total o 2.84E-09 10,000 1.38E-09 10,000 6.94E-06 10,000 1.43E-03 10,000 3.94E-03 10,000
Th-232 Total o 2.86E-16 10,000 1.38E-16 10,000 2.86E-12 10,000 3.37E-10 10,000 6.16E-10 10,000
U-232 Total U** <1.0E-30 4,280 <1.0E-30 3,006 1.59E-30 2,430 7.18E-26 2,030 1.03E-25 2,024
U-233 Total U** 3.56E-06 10,000 4.90E-06 10,000 8.68E-02 10,000 4.29E+00 10,000 2.75E+00 10,000
U-234 Total U** 1.95E-06 10,000 1.49E-06 10,000 4.54E-03 10,000 6.77E-01 10,000 1.59E+00 10,000
U-235 Total U** 1.91E-08 10,000 1.46E-08 10,000 5.42E-05 10,000 4.41E-03 10,000 6.07E-03 10,000
U-236 Total U** 3.70E-08 10,000 2.86E-08 10,000 3.41E-04 10,000 2.67E-02 10,000 4.93E-02 10,000
U-238 Total U** 9.10E-07 10,000 6.85E-07 10,000 1.48E-05 10,000 5.28E-04 10,000 5.65E-04 10,000
Y-90 30 * * * * % * * * * *
Total alpha 15 1.21E-01 1,686 2.09E-01 1,672 2.27E-01 1,642 2.25E+00 6,056 3.01E+00 6,058
Total Ra 5 6.40E-02 1,686 1.1E-01 1,672 1.28E-01 1,642 5.72E-01 10,000 7.25E-01 10,000
Sum of beta/gamma MCL fractions 1.2.E-01 598 2.1.E-01 596 2.0.E-01 594 5.3.E-01 586 4.4 E-01 584

*

include the equilibrium progeny.
** Total uranium is evaluated in Table 5.2-6.

Short-lived radionuclides decayed prior to liner failure. PORFLOW does not track short-lived radionuclides during transport modeling, but the DCFs do
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Table 5.2-4: Radiological 100m Concentrations for UTR-LZ

Sector A Sector B Sector C Sector D Sector E
Maximum
Contamin- Year Year Year Year Year
Radionuclide ation Limit Concen- Peak Concen- Peak Concen- Peak Concen- Peak Concen- Peak
(MCL) tration Contri- tration Contri- tration Contri- tration Contri- tration Contri-
(pCi/L) (pCVL) bution (pCi/L) bution (pCi/L) bution (pCi/L) bution (pCi/L) bution
Occurs Occurs Occurs Occurs Occurs
Ac-227 N/A 4.78E-08 10,000 9.17E-08 10,000 2.81E-07 10,000 4.44E-06 6,114 9.16E-06 10,000
Al-26 N/A <1.0E-30 10,000 <1.0E-30 10,000 9.99E-20 10,000 1.81E-13 10,000 2.97E-15 10,000
Am-241 Total o <1.0E-30 10,000 <1.0E-30 10,000 2.62E-22 10,000 3.04E-16 10,000 3.42E-15 10,000
Am-242m Total o <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 9,348 <1.0E-30 8,512 <1.0E-30 8,694
Am-243 Total o <1.0E-30 10,000 <1.0E-30 10,000 1.37E-23 10,000 1.01E-17 10,000 2.01E-17 10,000
Ba_l 3 7m N/A * * * * * * * * * *
Bk_249 2’000 * * * * * * * * * *
C-14 2,000 5.00E-01 564 9.27E-01 564 9.65E-01 564 9.26E+00 3,758 5.66E+00 3,760
Ce_144 30 * * * * * * * * % *
Cf-249 Total o <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000
Cm_242 Total o * * * * * * * * * *
Cm-243 Total o <1.0E-30 2,066 <1.0E-30 2,122 <1.0E-30 1,846 <1.0E-30 1,652 <1.0E-30 1,690
Cm-244 Total o <1.0E-30 1,460 <1.0E-30 1,492 <1.0E-30 1,318 <1.0E-30 1,196 <1.0E-30 1,216
Cm-245 Total o <1.0E-30 10,000 <1.0E-30 10,000 2.90E-25 10,000 2.04E-19 10,000 8.09E-19 10,000
Cm-247 Total o <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000 1.43E-29 10,000 2.88E-29 10,000
Cm-248 Total o <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000 3.23E-30 10,000 6.54E-30 10,000
C0_60 100 * * * * * * * * * *
Cs-l 34 80 * * * * * * * * . * *
Cs-135 900 .8.72E-04 9,224 1.64E-03 9,308 3.01E-03 6,820 2.49E-02 6,114 3.05E-02 6,052
Cs-137 200 <1.0E-30 1,538 9.26E-28 1,476 5.70E-21 1,256 3.64E-17 1,114 2.49E-18 1,150
EU- 1 52 200 * * * * * * * * * *
Eu_l 54 60 * * * * * * * * * *
Eu-155 600 * * * * * * * * * *
Gd-152 N/A <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000 1.81E-26 10,000 3.95E-26 10,000
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Table 5.2-4: Radiological 100m Concentrations for UTR-LZ (Continued)
Sector A Sector B Sector C Sector D Sector E
Maximum
Contamin- Year Year Year Year Year
Radionuclide ation Limit Concen- Peak Concen- Peak Concen- Peak Concen- Peak Concen- Peak
(MCL) tration Contri- tration Contri- tration Contri- tration Contri- tration Contri-
(pCi/L) (pCi/L) bution (pCi/L) bution (pCi/L) bution (pCi/L) bution (pCi/L) bution
Occurs Occurs Occurs Occurs Occurs
H-3 20,000 1.62E-12 562 3.10E-12 560 9.91E-12 210 1.07E-09 204 2.16E-09 204
I-129 1 3.38E-04 586 6.37E-04 586 6.59E-04 586 5.53E-03 3,792 2.41E-03 3,792
Na-22 400 * * * * * * * * * *
Nb-94 N/A 4.62E-01 564 8.57E-01 564 8.92E-01 564 8.39E-01 564 7.05E-01 564
Ni-59 300 6.34E-01 2,102 1.19E+00 2,118 1.23E+00 2,102 1.39E+01 7,336 1.72E+01 7,334
Ni-63 50 2.92E-04 1,580 6.94E-04 1,532 9.88E-04 1,358 6.72E-04 1,556 3.16E-03 1,274
Np-237 Total a 6.25E-02 1,610 1.18E-01 1,610 1.23E-01 1,608 1.03E+00 6,064 2.30E+00 6,062
Pa-231 Total a 4.81E-05 1,776 9.19E-05 1,778 3.58E-04 6,076 5.88E-03 6,062 1.17E-02 6,060
Pb-210 N/A 1.79E-04 1,724 3.38E-04 1,728 3.87E-04 1,718 1.22E-03 10,000 2.28E-03 10,000
Pm_147 600 * * * % * * * * * *
Pr_144 N/A * * * %* * * * * * *
Pu-238 Total o <1.0E-30 5,616 <1.0E-30 8,304 6.81E-29 7,576 3.73E-24 7,102 1.54E-25 7,218
Pu-239 Total a 1.69E-09 10,000 8.21E-11 10,000 6.14E-07 10,000 6.94E-04 10,000 1.09E-03 10,000
Pu-240 Total a 2.87E-10 10,000 1.45E-11 10,000 1.27E-06 10,000 1.71E-03 10,000 3.00E-03 10,000
Pu-241 300 <1.0E-30 10,000 <1.0E-30 10,000 1.60E-24 10,000 1.04E-18 10,000 4.09E-18 10,000
Pu-242 Total o 6.67E-12 10,000 3.41E-13 10,000 4.07E-08 10,000 5.33E-05 10,000 8.12E-05 10,000
Pu-244 Total o 3.20E-15 10,000 2.22E-16 10,000 1.73E-10 10,000 2.18E-07 10,000 5.91E-08 10,000
Ra-226 Total a/Ra 6.88E-02 1,700 1.30E-01 1,702 1.48E-01 1,692 4.68E-01 10,000 8.71E-01 10,000
Ra-228 Total Ra 3.95E-15 10,000 5.68E-15 10,000 8.09E-11 10,000 1.60E-08 10,000 4.25E-08 10,000
Rh_l 06 N/A * * * * * * * * * %*
Ru_106 30 * * * * * * * * * *
Sb_l 25 300 * * * * * * * * * *
Sb-126 N/A * * * * * * * * * *
Sb-126m N/A * * * * * * * * * *
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Table 5.2-4: Radiological 100m Concentrations for UTR-LZ (Continued)
. Sector A Sector B Sector C Sector D Sector E
Maximum
Contamin- Year Year Year Year Year
Radionuclide ation Limit Concen- Peak Concen- Peak Concen- Peak Concen- Peak Concen- Peak
(MCL) tration Contri- tration Contri- tration Contri- tration Contri- tration Contri-
(pCi/L) (pCi/L) bution (pCi/L) bution (pCi/L) bution (pCi/L) bution (pCi/L) bution
Occurs Occurs Occurs Occurs Occurs
Se-79 N/A 9.90E-28 10,000 1.25E-24 10,000 8.93E-15 10,000 2.08E-09 10,000 7.78E-09 10,000
Sm-147 N/A <1.0E-30 10,000 <1.0E-30 10,000 1.36E-27 10,000 9.57E-22 10,000 2.70E-21 10,000
Sm-151 1,000 <1.0E-30 4,882 <1.0E-30 5,058 <1.0E-30 4,244 <1.0E-30 3,688 <1.0E-30 3,802
Sn-126 N/A <1.0E-30 10,000 <1.0E-30 10,000 2.17E-24 10,000 3.05E-17 10,000 2.33E-16 10,000
Sr-90 8 3.42E-10 1,144 1.68E-09 1,118 1.01E-08 1,062 -1.99E-09 1,082 6.62E-08 1,026
Tc-99 900 1.16E+02 598 2.16E+02 600 2.29E+02 598 4. 85E+02 590 5.69E+02 588
Te_125m 600 * * * * * * % * * *
Th-228 Total a 2.29E-17 10,000 3.29E-17 10,000 4.69E-13 10,000 9.28E-11 10,000 2.46E-10 10,000
Th-229 Total a 6.99E-07 10,000 1.32E-06 10,000 1.07E-04 10,000 2.34E-02 10,000 1.52E-02 10,000
Th-230 Total a 9.22E-11 10,000 6.11E-11 10,000 5.00E-07 10,000 2.00E-04 10,000 9.23E-04 10,000
Th-232 Total o 9.15E-18 10,000 6.61E-18 10,000 2.07E-13 10,000 5.59E-11 10,000 1.45E-10 10,000
U-232 Total U** <1.0E-30 4,556 <1.0E-30 3,270 <1.0E-30 2,704 1.76E-28 2,340 4.39E-28 2,272
U-233 Total U** 1.27E-05 10,000 2.39E-05 10,000 8.63E-03 10,000 1.25E+00 10,000 9.54E-01 10,000
U-234 Total U** 7.91E-08 10,000 7.46E-08 10,000 4.15E-04 10,000 1.24E-01 10,000 5.28E-01 10,000
U-235 Total U** 7.71E-10 10,000 7.31E-10 10,000 4.85E-06 10,000 9.56E-04 10,000 1.65E-03 10,000
U-236 Total U** 1.47E-09 10,000 1.49E-09 10,000 3.16E-05 10,000 5.93E-03 10,000 1.61E-02 10,000
U-238 Total U** 3.68E-08 | 10,000 3.41E-08 10,000 3.04E-06 10,000 1.15E-04 10,000 1.46E-04 10,000
Y_90 30 * * * * * * * * : * *
Total alpha 15 1.31E-01 1610 2.48E-01 1702 2.71E-01 1,692 1.53E+00 10,000 3.20E+00 6,062
Total Ra 5 6.88E-02 1,700 1.30E-01 1,702 1.48E-01 1,692 4.68E-01 10,000 8.71E-01 10,000
Sum of beta/gamma MCL fractions 1.3.E-01 598 2.5.E-01 600 2.6.E-01 598 6.0.E-01 590 6.9.E-01 588

*  Short-lived radionuclides decayed prior to liner failure. PORFLOW does not track short-lived radionuclides during transport modeling, but the DCFs

do include the equilibrium progeny.

**  Total uranium is evaluated in Table 5.2-7.
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Table 5.2-5: Radiological 100m Concentrations for Gordon Aquifer
Sector A Sector B Sector C Sector D Sector E
Maximum
Contamin- Year Year Year Year Year
Radionuclide | ation Limit Concen- Peak Concen- Peak Concen- Peak Concen- Peak Concen- Peak
(MCL) tration Contri- tration Contri- tration Contri- tration Contri- tration Contri-
(pCi/L) (pCi/L) bution (pCi/L) bution (pCi/L) bution (pCi/L) bution (pCVL) bution
Occurs Occurs Occurs Occurs Occurs
Ac-227 N/A 3.61E-12 10,000 1.94E-11 10,000 4.38E-11 10,000 3.30E-10 10,000 1.10E-09 10,000
Al-26 N/A <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000 4.54E-27 10,000 1.30E-27 10,000
Am-241 Total o <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000 1.02E-30 10,000 1.43E-29 10,000
Am-242m Total o <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 9,800 <1.0E-30 9,782
Am-243 Total o <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000
Ba_137m N/A * * * * * L] * * * %*
Bk-249 2,000 * * * * * * * * * *
C-14 2,000 4.12E-05 614 2.28E-04 614 3.79E-04 614 3.55E-03 3,898 4.88E-03 3,900
Ce-144 30 * * * * * * * * * *
Cf-249 Total a <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000
Cm_242 Total o * * * * * * * * * *
Cm-243 Total o. <1.0E-30 2,364 <1.0E-30 2,416 <1.0E-30 2,138 <1.0E-30 1,940 <1.0E-30 1,942
Cm-244 Total a. <1.0E-30 1,644 <1.0E-30 1,676 <1.0E-30 1,500 <1.0E-30 1,380 <1.0E-30 1,352
Cm-245 Total o <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000
Cm-247 Total a <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000
Cm-248 Total a <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000
C0_60 100 * * *k * * * * * * *
Cs_l 34 80 %* * * * * * * * * *
Cs-135 900 1.35E-09 10,000 7.52E-09 10,000 1.54E-08 10,000 5.20E-08 10,000 8.59E-08 10,000
Cs-137 200 <1.0E-30 1,730 <1.0E-30 1,654 <1.0E-30 1,442 2.66E-28 1,318 1.95E-28 1,332
Eu_152 200 * * * * % * * * %* *
Eu_l 54 60 * * * % * * * * * %
Eu-] 55 600 * * * * * * * * * %
Gd-152 N/A <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000
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Table 5.2-5: Radiological 100m Concentrations for Gordon Aquifer (Continued)
Sector A Sector B Sector C Sector D Sector E
Maximum
Contamin- Year Year Year Year Year
Radionuclide ation Limit Concen- Peak Concen- Peak Concen- Peak Concen- Peak Concen- Peak
(MCL) tration Contri- tration Contri- tration Contri- tration Contri- tration Contri-
(pCi/L) (pCi/L) bution (pCi/L) bution (pCi/L) bution (pCi/L) bution (pCi/L) bution
Occurs Occurs Occurs Occurs Occurs
H-3 20,000 2.67E-17 580 1.45E-16 190 5.06E-16 188 1.20E-14 226 5.15E-14 226
I-129 1 2.41E-08 734 1.33E-07 732 2.22E-07 732 1.24E-06 4,092 1.36E-06 4,094
Na_22 400 * * * * * * * * * *
Nb-94 N/A 3.83E-05 614 2.12E-04 614 3.52E-04 614 3.83E-04 614 3.82E-04 614
Ni-59 300 1.58E-05 6,528 8.77E-05 6,472 1.78E-04 10,000 1.07E-03 10,000 1.96E-03 10,000
Ni-63 50 5.14E-11 1,886 3.09E-10 1,852 7.08E-10 1,734 7.11E-10 1,772 1.74E-09 1,500
Np-237 Total o 1.69E-06 6,988 9.38E-06 6,888 1.65E-05 7,212 6.19E-05 10,000 2.20E-04 10,000
Pa-231 Total a 4.45E-09 10,000 2.49E-08 10,000 5.62E-08 10,000 4.15E-07 10,000 1.42E-06 10,000
Pb-210 N/A 5.16E-09 10,000 2.86E-08 10,000 4.93E-08 10,000 9.64E-08 10,000 2.50E-07 10,000
Pm_147 600 * * * * * * * * * *
Pr-144 N/A * * * * * * * * * *
Pu-238 Total o <1.0E-30 6,328 <1.0E-30 8,930 <1.0E-30 8,234 6.12E-38 7,812 <1.0E-30 7,876
Pu-239 Total o 1.59E-22 10,000 1.25E-22 10,000 1.15E-18 10,000 2.76E-15 10,000 7.25E-15 10,000
Pu-240 Total a 2.71E-23 10,000 2.16E-23 10,000 1.46E-18 10,000 6.64E-15 10,000 1.98E-14 10,000
Pu-241 300 <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000 2.74E-33 10,000 <1.0E-30 10,000
Pu-242 Total o 6.31E-25 10,000 5.04E-25 10,000 4.64E-20 10,000 2.11E-16 10,000 5.47E-16 10,000
Pu-244 Total a 3.02E-28 10,000 2.72E-28 10,000 1.87E-22 10,000 6.42E-19 10,000 6.01E-19 10,000
Ra-226 Total a/Ra 1.97E-06 9,980 1.09E-05 9,970 1.88E-05 9,982 3.69E-05 10,000 .| 9.58E-05 10,000
Ra-228 Total Ra 6.38E-25 10,000 6.33E-24 10,000 1.17E-19 10,000 9.12E-17 10,000 5.70E-16 10,000
Rh-106 N/A * * * * * * * * * *
Ru_106 30 * * * * * * * * * *
Sb_l 25 300 * % * * * * * * * *
Sb_l 26 N/A * * * * * * * * * *
Sb_l 26m N/A * * * * * * * * * *
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Table 5.2-5: Radiological 100m Concentrations for Gordon Aquifer (Continued)
Sector A Sector B Sector C Sector D Sector E
Maximum
Contamin- Year Year Year Year Year
Radionuclide ation Limit Concen- Peak Concen- Peak Concen- Peak Concen- Peak Concen- Peak
(MCL) tration Contri- tration Contri- tration Contri- tration Contri- tration Contri-
(pCi/L) (pCi/L) bution (pCi/L) bution (pCi/L) bution (pCi/L) bution (pCi/L) bution
Occurs Occurs Occurs Occurs Occurs
Se-79 N/A <1.0E-30 10,000 <1.0E-30 10,000 3.18E-27 10,000 1.93E-21 10,000 1.18E-20 10,000
Sm-147 N/A <1.0E-30 118 <1.0E-30 128 <1.0E-30 148 <1.0E-30 10,000 <1.0E-30 10,000
Sm-151 1,000 <1.0E-30 5,774 <1.0E-30 5,920 <1.0E-30 5,108 <1.0E-30 4,546 <1.0E-30 4,542
Sn-126 N/A <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000
Sr-90 8 1.40E-17 1,240 1.47E-16 1,220 1.47E-15 1,154 1.51E-15 1,144 1.23E-14 1,088
Tc-99 900 9.19E-03 680 5.10E-02 680 8.53E-02 680 1.09E-01 678 1.34E-01 678
Te_lzsm 600 * * * * % * * * * *
Th-228 Total o 3.69E-27 10,000 3.66E-26 10,000 6.74E-22 10,000 5.28E-19 10,000 3.30E-18 10,000
Th-229 Total o 3.18E-10 10,000 1.82E-09 10,000 2.81E-09 10,000 4.60E-09 10,000 9.02E-09 10,000
Th-230 Total o 2.15E-20 10,000 9.88E-20 10,000 941E-16 10,000 1.19E-12 10,000 1.23E-11 10,000
Th-232 Total o 2.09E-27 10,000 1.02E-26 10,000 3.75E-22 10,000 3.62E-19 10,000 1.83E-18 10,000
U-232 Total U** <1.0E-30 5,108 <1.0E-30 3,750 <1.0E-30 3,210 <1.0E-30 2,874 <1.0E-30 2,814
U-233 Total U** 6.24E-09 10,000 3.22E-08 10,000 5.05E-08 10,000 1.23E-07 10,000 2.88E-08 10,000
U-234 Total U** 3.02E-17 10,000 1.56E-16 10,000 1.23E-12 10,000 1.26E-09 10,000 1.21E-08 10,000
U-235 Total U** 2.93E-19 10,000 1.52E-18 10,000 1.38E-14 10,000 1.12E-11 10,000 3.42E-11 10,000
U-236 Total U** 5.45E-19 10,000 3.03E-18 10,000 9.09E-14 10,000 6.99E-11 10,000 3.42E-10 10,000
U-238 Total U** 1.41E-17 10,000 7.10E-17 10,000 4.02E-14 10,000 1.46E-12 10,000 6.81E-12 10,000
Y_90 30 * * * * * * * * * *
Total Alpha 15 3.66E-06 9980 2.03E-05 9,970 3.54E-05 9,982 9.92E-05 10,000 3.17E-04 10,000
Total Ra 5 1.97E-06 9,980 1.09E-05 9,970 1.88E-05 9,982 3.69E-05 10,000 9.58E-05 10,000
Sum of beta/gamma MCL fractions 1.0.E-05 680 5.7.E-05 680 9.6.E-05 680 1.3.E-04 678 1.6.E-04 678

*  Short-lived radionuclides decayed prior to liner failure. PORFLOW does not track short-lived radionuclides during transport
modeling, but the DCFs do include the equilibrium progeny.

** Total uranium is evaluated in Table 5.2-8.
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Table 5.2-6: Chemical 100m Concentrations for UTR-UZ
Sector A Sector B Sector C Sector D Sector E
Maximum
Contamin-
Chemical ation Limit Year Year Year Year Year
(MCL) Concen- Peak Concen- Peak Concen- Peak Concen- Peak Concen- Peak
(ug/L) tration Contri- tration Contri- tration Contri- tration Contri- tration Contri-
(ug/L) bution (ng/L) bution (ug/L) bution (ug/L) bution (ug/L) bution
Occurs Occurs Occurs Occurs Occurs
Ag N/A 5.96E-04 8,906 1.14E-03 8,520 5.03E-02 6,696 6.12E-01 5,844 7.37E-01 5,700
As 1.00E+01 8.17E-06 10,000 1.92E-05 10,000 6.06E-03 9,796 5.14E-02 8,520 6.82E-03 9,092
Ba 2.00E+03 5.39E-03 1,714 9.39E-03 1,690 5.16E-02 5,028 4.03E-01 4,954 3.36E-01 4918
Cd 5.00E+00 2.30E-02 1,414 3.94E-02 1,394 3.82E-02 1,380 7.29E-01 7,242 1.04E+00 7,248
Cr 1.00E+02 8.71E-03 1,416 1.53E-02 1,408 4.41E-02 4,804 3.86E-01 4,752 2.94E-01 4,748
Cu N/A 6.47E-04 6,346 1.14E-03 6,238 3.04E-02 6,218 4.08E-01 5,520 5.02E-01 5,404
F N/A 8.60E-02 564 1.48E-01 562 1.92E+00 3,844 1.20E+01 3,840 1.88E+00 3,840
Fe N/A 6.57E-06 10,000 4.47E-06 10,000 5.54E-03 10,000 1.14E+00 10,000 2.04E+00 10,000
Hg 2.00E+00 6.16E-23 10,000 4.13E-20 10,000 3.45E-11 10,000 1.19E-06 10,000 1.07E-06 10,000
Mn N/A 1.29E-02 5,252 2.31E-02 5,652 8.94E-01 5,294 1.26E+01 5,130 1.61E+01 5,102
N 1.00E+04 3.31E+00 564 5.73E+00 562 7.34E+01 3,658 5.69E+02 3,654 2.09E+01 3,654
Ni N/A 2.99E-01 2,068 5.11E-01 2,038 4.90E-01 2,008 4.43E-01 1,878 2.91E-01 1,668
Pb 1.50E+01 <1.0E-30 10,000 5.83E-29 10,000 5.03E-17 10,000 1.96E-10 10,000 1.96E-10 10,000
Sb 6.00E+00 <1.0E-30 10,000 <1.0E-30 10,000 9.68E-28 10,000 1.04E-17 10,000 5.79E-15 10,000
Se 5.00E+00 3.99E-24 10,000 2.69E-21 10,000 1.11E-11 10,000 1.06E-06 10,000 2.66E-09 10,000
U 3.00E+01 2.98E-06 10,000 2.24E-06 10,000 4.65E-05 10,000 1.57E-03 10,000 1.69E-03 10,000
\'% N/A 1.54E-05 578 1.32E-04 578 5.94E-03 562 1.01E-01 558 8.15E-02 558
Zn N/A 3.02E-04 10,000 6.37E-04 10,000 2.64E-02 9,436 3.81E-01 7,972 4.81E-01 7,730
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Table 5.2-7: Chemical 100m Concentrations for UTR-LZ
Sector A Sector B Sector C Sector D Sector E
Maximum
Contamin-
Chemical ation Limit Year Year Year Year Year
(MCL) Concen- Peak Concen- Peak Concen- Peak Concen- Peak Concen- Peak
(ug/L) tration Contri- tration Contri- tration Contri- tration Contri- tration Contri-
(ng/L) bution (ug/L) bution (ng/L) bution (ug/L) bution (ug/L) bution
Occurs Occurs Occurs Occurs Occurs
Ag N/A 6.46E-04 9,218 1.42E-03 9,002 3.52E-02 7,278 4.54E-01 6,386 5.60E-01 6,252
As 1.00E+01 3.68E-06 10,000 1.04E-05 10,000 3.24E-03 10,000 4.26E-02 9,440 1.56E-02 9,942
Ba 2.00E+03 5.84E-03 1,736 1.11E-02 1,728 3.95E-02 5,074 3.63E-01 4,982 3.58E-01 4,962
Cd 5.00E+00 2.50E-02 1,434 4.64E-02 1,442 4.81E-02 1,432 4.83E-01 7,276 1.02E+00 7,260
Cr 1.00E+02 9.46E-03 1,438 1.82E-02 1,448 3.05E-02 4,844 3.21E-01 4,788 2.92E-01 4,788
Cu N/A 6.72E-04 7,136 1.34E-03 7,288 2.17E-02 6,704 2.97E-01 5,970 3.87E-01 5,864
F N/A 9.27E-02 564 1.72E-01 564 1.50E+00 3,846 1.23E+01 3,842 5.85E+00 3,842
Fe N/A 2.62E-07 10,000 2.26E-07 10,000 2.89E-04 10,000 1.40E-01 10,000 2.87E-01 10,000
Hg 2.00E+00 2.03E-26 10,000 3.17E-23 10,000 4.78E-14 10,000 4.01E-09 10,000 6.69E-09 10,000
Mn N/A 1.41E-02 5,336 3.01E-02 5,730 6.20E-01 5,428 9.42E+00 5,248 1.44E+01 5,220
N 1.00E+04 3.59E+00 564 6.68E+00 564 4.79E+01 3,660 5.15E+02 3,656 1.56E+02 3,658
Ni N/A 3.26E-01 2,104 6.10E-01 2,118 6.32E-01 2,102 5.95E-01 2,098 4.99E-01 2,050
Pb 1.50E+01 <1.0E-30 10,000 <1.0E-30 10,000 1.49E-21 10,000 1.01E-14 10,000 5.02E-14 10,000
Sb 6.00E+00 <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000 4.16E-22 10,000 3.94E-19 10,000
Se 5.00E+00 6.38E-28 10,000 9.71E-25 10,000 6.93E-15 10,000 1.59E-09 10,000 4.12E-11 10,000
U 3.00E+01 1.21E-07 10,000 1.12E-07 10,000 9.76E-06 10,000 3.41E-04 10,000 4 40E-04 10,000
\' N/A 1.44E-05 580 1.43E-04 578 4.53E-03 564 1.03E-01 560 1.36E-01 560
Zn N/A 1.36E-04 10,000 3.58E-04 10,000 1.82E-02 10,000 2.70E-01 8,900 3.60E-01 8,662
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Table 5.2-8: Chemical 100m Concentrations for Gordon Aquifer
Sector A Sector B Sector C Sector D Sector E
Maximum
Contamin-

Chemical ation Limit Year Year Year Year Year
(MCL) Concen- Peak Concen- Peak Concen- Peak Concen- Peak Concen- Peak
(ug/L) tration Contri- tration Contri- tration Contri- tration Contri- tration Contri-

(ug/L) bution (ug/L) bution (pg/L) bution (ug/L) bution (ug/L) bution

Occurs Occurs Occurs Occurs Occurs

Ag N/A 1.46E-09 10,000 8.57E-09 10,000 1.11E-07 10,000 1.86E-06 10,000 3.23E-06 10,000
As 1.00E+01 2.38E-13 10,000 1.80E-12 10,000 2.98E-10 10,000 1.98E-08 10,000 2.03E-08 10,000
"Ba 2.00E+03 1.76E-07 4,354 9.79E-07 4,314 5.32E-06 10,000 6.94E-05 10,000 8.67E-05 10,000
Cd 5.00E+00 8.41E-07 3,044 4.66E-06 3,024 7.76E-06 3,036 9.29E-05 10,000 4.00E-04 10,000
Cr 1.00E+02 3.17E-07 3,044 1.77E-06 3,024 5.34E-06 9,118 7.08E-05 9,780 1.06E-04 9,844
Cu N/A 1.16E-08 10,000 6.51E-08 10,000 3.47E-07 10,000 4.37E-06 10,000 8.50E-06 10,000
F N/A 7.69E-06 614 4.25E-05 614 5.52E-04 4,002 6.97E-03 3,996 7.63E-03 3,996
Fe N/A 5.47E-17 10,000 2.71E-16 10,000 3.00E-13 10,000 2.84E-10 10,000 9.45E-10 10,000
Hg 2.00E+00 7.71E-40 10,000 <1.0E-30 10,000 5.07E-26 10,000 9.50E-21 10,000 3.08E-20 10,000
Mn N/A 1.23E-07 10,000 7.05E-07 10,000 1.92E-06 10,000 1.56E-05 10,000 3.58E-05 10,000
N 1.00E+04 2.99E-04 614 1.65E-03 614 3.07E-03 3,718 4.74E-02 3,716 4.89E-02 3,716
Ni N/A 8.47E-06 6,762 4.69E-05 6,686 7.81E-05 6,736 8.52E-05 6,768 8.82E-05 6,902
Pb 1.50E+01 <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000 7.26E-30 10,000 6.60E-29 10,000
Sb 6.00E+00 <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000 2.15E-37 10,000 <1.0E-30 10,000
Se 5.00E+00 <1.0E-30 10,000 <1.0E-30 10,000 2.46E-27 10,000 9.58E-22 10,000 3.77E-22 10,000
U 3.00E+01 4.60E-17 10,000 2.32E-16 10,000 1.31E-13 10,000 4.34E-12 10,000 3.86E-11 10,000

\ N/A 7.83E-10 628 1.81E-08 626 2.86E-07 612 7.47E-06 610 1.70E-05 612

Zn N/A 8.79E-12 10,000 6.65E-11 10,000 3.41E-09 10,000 2.09E-07 10,000 4.94E-07 10,000
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The 100m radionuclide and chemical concentration curves (for 20,000 years) associated with
the five sectors and three aquifers for the Base Case, as described in Section 4.4.2.1, are
captured in Appendix B.

¢ Appendix B.1 — 100m Radiological and Chemical Concentrations at the UTR-UZ
(Sectors A through E).

e Appendix B.2 — 100m Radiological and Chemical Concentrations at the UTR-LZ
(Sectors A through E).

e Appendix B.3 - 100m Radiological and Chemical Concentrations at the Gordon
Aquifer (Sectors A through E).

To support further and varied investigation of key radionuclides (e.g., individual waste tank
contributions, peak beyond the 10,000 year evaluation period), additional 100m groundwater
concentrations were calculated using the PORFLOW FTF model. Appendix D contains
40,000 year curves for the 100m radionuclide concentrations for all of FTF (waste tank and
ancillary inventories). Appendix E contains 20,000 year data curves for the 100m
radionuclide concentrations for selected FTF sources (Tanks 1, 2, 3,4, 5,6, 7, 8,17, 18, 19,
20, 33, 34 and waste transfer lines). These Base Case concentration results are for key
radionuclides only and are presented from the three aquifers of concern (UTR-UZ, UTR-LZ
and Gordon Aquifer) for Sectors A through E.

5.2.2 Key Radionuclide Determination

The purpose of this section is to present the methodology used in determining which ‘
radionuclides were most significant and to document which radionuclides would be
considered “key”. While all radionuclides identified in the FTF tank inventory (Section
3.3.2) were included in 100m groundwater modeling efforts, narrowing the catalog of
radionuclides down to a “key” radionuclide list allowed the analysis to concentrate on the
few radionuclides which posed the highest risk and concentrated modeling efforts on the
areas of greatest concern (e.g., only key radionuclides were included in the PORFLOW
seepline modeling runs). The key radionuclides were determined based on the peak 100m
groundwater concentration listed in Section 5.2.1. Any radionuclide with a peak individual
water ingestion dose (assuming 337 L/yr ingestion) greater than 0.005 mrem/yr was
considered a key radionuclide. The screening conclusions are provided in Table 5.2-9. The
resulting key radionuclides are C-14, Np-237, Pa-231, Pb-210, Pu-239, Pu-240, Pu-242, Ra-
226, Tc-99, Th-229, Th-230, U-233, U-234, U-236, and U-238. Although U-238 does not
contribute >.005 mrem/yr, it remains in the analysis due to its decay contribution to other key
radionuclides. The 0.005 mrem/yr screening threshold was considered sufficiently low that
no radionuclides that were screened out would contribute appreciably to the peak dose
results, even accounting for cumulative pathway effects. This was supported by the fact that
the total water ingestion dose contribution at 100m for all the non-key radionuclides was less
_than 0.01 mrem/yr.
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Table 5.2-10: Upper Three Runs Seepline Key Radionuclide Concentrations
Peak Seepline Location of Year Largest Peak Seepline Location of Year Largest
Radionuclide Concentration Largest Contribution in | Concentration Largest Contribution in
in 10,000 Yrs Contributor 10,000 Years in 20,000 Yrs Contributor 20,000 Years

(pCi/L) (Sector) Occurs (pCi/L) (Sector) Occurs
C-14 2.11E-01 UTR-LZ 3,788 2.11E-01 UTR-LZ 3,788
Np-237 5.24E-02 UTR-LZ 6,176 1.41E-01 UTR-LZ 17,532
Pa-231 2.84E-04 UTR-LZ 6,172 4.53E-04 UTR-LZ 15,220
Pb-210 4.31E-05 UTR-LZ 10,000 3.73E-04 UTR-LZ 14,282
Pu-239 3.92E-15 UTR-LZ 10,000 2.97E-06 UTR-LZ 20,000
Pu-240 7.22E-15 UTR-LZ 10,000 2.79E-06 UTR-LZ 20,000
Pu-242 2.27E-16 UTR-LZ 10,000 2.20E-07 UTR-LZ 20,000
Ra-226 1.65E-02 UTR-LZ 10,000 1.43E-01 UTR-LZ 14,248
Tc-99 1.56E+01 UTR-LZ 630 1.56E+01 UTR-LZ 630
Th-229 1.64E-07 UTR-LZ 10,000 7.24E-05 UTR-LZ 20,000
Th-230 1.96E-13 UTR-LZ 10,000 3.61E-06 UTR-LZ 20,000
U-233 2.61E-06 UTR-LZ 10,000 2.08E-03 UTR-LZ 20,000
U-234 2.79E-10 UTR-LZ 10,000 9.28E-04 UTR-LZ 20,000
U-236 9.15E-12 UTR-LZ 10,000 3.84E-05 UTR-LZ 20,000
U-238 1.24E-12 UTR-LZ 10,000 2.92E-06 UTR-LZ 20,000
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Table 5.2-11: Fourmile Branch Seepline Key Radionuclide Concentrations
Peak Seepline Location of Year Largest Peak Seepline Location of Year Largest
Radionuclide Concentration Largest Contribution in | Concentration Largest Contribution in
in 10,000 Yrs Contributor 10,000 Years in 20,000 Yrs Contributor 20,000 Years

, (pCi/L) (Sector) Occurs (pCi/L) (Sector) Occurs
C-14 6.09E-02 UTR-UZ 586 6.09E-02 UTR-UZ 586
Np-237 9.52E-03 UTR-UZ 1,704 9.05E-01 UTR-UZ 17,448
Pa-231 1.43E-05 UTR-UZ 6,200 1.07E-03 UTR-UZ 16,210
Pb-210 2.06E-05 UTR-UZ 10,000 1.77E-03 UTR-UZ 14,500
Pu-239 1.02E-12 UTR-UZ 10,000 3.35E-06 UTR-UZ 20,000
Pu-240 2.31E-13 UTR-UZ 10,000 5.36E-07 UTR-UZ 20,000
Pu-242 5.91E-15 UTR-UZ 10,000 3.80E-08 UTR-UZ 20,000
Ra-226 7.92E-03 UTR-UZ 10,000 6.78E-01 UTR-UZ 14,466
Tc-99 1.52E+01 UTR-UZ 630 1.52E+01 UTR-UZ 630
Th-229 2.60E-08 UTR-UZ 10,000 7.54E-06 UTR-UZ 20,000
Th-230 2.35E-13 UTR-UZ 10,000 7.90E-08 UTR-UZ 20,000
U-233 2.41E-07 UTR-UZ 10,000 1.60E-04 UTR-UZ 20,000
U-234 2.52E-10 UTR-UZ 10,000 1.65E-05 UTR-UZ 20,000
U-236 1.30E-11 UTR-UZ 10,000 9.23E-07 UTR-UZ 20,000
U-238 6.27E-11 UTR-UZ 10,000 2.17E-06 UTR-UZ 20,000
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5.3  Air Pathway and Radon Analysis

Section 4.5 describes the method used to conservatively bound the dose from airborne
radionuclides. The results in that section provided a dose to MEI per Ci of inventory. The total
waste tank and ancillary equipment inventory of selected potentially airborne isotopes, as
described in Section 3.3 is summarized in Table 5.3-1. Specific SRS 100m DRFs and the
calculated exposure levels for the 100 to 10,000 year MEI at 100m are presented in Table 5.3-2.
Specific SRS 1,600m (seepline) DRFs and the calculated exposure levels for the 10,000 year
MEI at 1,600m are presented in Table 5.3-3. Because the DRFs for 100m are calculated from an
assumed area source, while the 1,600m DRFs are calculated from an assumed point source, the
results reflect a conservative estimate at 1,600m, which results in a higher estimated dose at
1,600m than at 100m for C-14. See WSRC-STI-2007-00343 for details on the estimation of all
DRFs.

The dose to the MEI at 100m and 1,600m are 0.14 mrem/yr and 0.035 mrem/yr respectively. For
the air pathway, the flux of eight radionuclides was modeled. Each of these radionuclides
reached peak flux within the first year of simulation, as shown in Figure 4.5-2. Since the flux is
steadily decreasing at the end of the 100-year institutional control period, it can be assumed that
would also be the time of the maximum dose. For the radon pathway, the Rn-222 flux resulted
from five radionuclides: Pu-238, Ra-226, Th-230, U-234, and U-238. As shown in Figure 4.5-4,
with the exception of Ra-226, the peak flux of Rn-222 occurs at the end of the simulation period
(10,100 years). This is due to the long half-life for each of the parent radionuclides. For Ra-226,
the peak flux of Rn-222 occurs within the first year of the simulation. The peak dose of radon
for the performance period is assumed to be at 10,000 years. These results are highly
conservative because the entire inventory is assumed to be concentrated in a 1 foot layer in a
Type I tank. Section 4.5.3 describes other factors contributing to the conservative nature of the
results.
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Table 5.3-1: Summary of Total FTF Inventory of Gaseous Radionuclides
H-3 C-14 I-129 Sb-125 Se-79 Sn-126 Tc-99
(Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci)
All Waste Tanks 6.70E+00 7.44E-02 | 2.71E-04 1.16E+01 3.15E+00 | S5.88E+00 | 5.75E+01
Transfer Lines 1.12E-01 1.51E-03 | 2.51E-06 | 1.45E-01 3.00E-02 5.62E-02 5.30E-01
FPT-1 1.53E-04 7.97E-06 | 1.33E-08 7.65E-04 1.59E-04 2.97E-04 2.81E-03
FPT-2 1.53E-04 7.97E-06 | 1.33E-08 7.65E-04 1.59E-04 2.97E-04 2.81E-03
FPT-3 1.53E-04 7.97E-06 | 1.33E-08 7.65E-04 1.59E-04 2.97E-04 2.81E-03
FTF Catch Tank 8.64E-04 3.84E-05 | 7.15E-08 1.45E-04 8.67E-04 1.61E-03 1.50E-02
242-3F CTS 6.66E-02 NE NE NE 1.77E-06 NE 1.10E-01
Evaporator Vessel 242-F NE NE NE NE 7.70E-09 NE 1.28E-03
Evaporator Vessel 242-16F NE NE NE NE 7.70E-09 NE 1.28E-03
Total FTF Inventory | 6.88E+00 | 7.60E-02 | 2.74E-04 1.17E+01 | 3.18E+00 | 5.94E+00 | 5.82E+01

NE = Not Estimated
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Table 5.3-2: 100m DRFs and 10,000 Year FTF Dose
Dose to
| peakpruy | SRS 100m Pose to MELat " prr MEI at
Radionuclide (Cilyr/Ci) DRF - Boun dary2 Inven.tory 100m
(mrem/C) [ m/yr/Ci) (Ci) Boundary
(mrem/yr)
C-14 2.59E-04 2.8E-04 7.2E-08 - 7.60E-02 5.5E-09
1-129 2.38E-03 2.0E+01 4.8E-02 2.74E-04 1.3E-05
Sb-125 3.71E-14 3.9E-01 1.4E-14 1.17E+01 1.6E-13
Se-79 7.02E-04 3.8E-02 2.7E-05 3.18E+00 8.6E-05
Sn-126 1.29E-03 1.8E+01 2.3E-02 5.94E+00 1.4E-01
H-3 3.12E-10 1.3E-02 4.2E-12 6.88E+00 2.9E-11
Tc-99 9.66E-04 1.1E-01 1.0E-04 5.82E+01 5.8E-03
Total Dose 1.4E-1
"From WSRC-STI-2007-00343
? Dose to MEI = Peak Flux x DRF
Table 5.3-3: 1,600m DRFs and 10,000 Year FTF Dose
SRS 1,600m Dose to MEI at FTF Dose to MEI
Radionuclide | 2k Flux DRF' 1,600m 2 Inventory at 1,600m
(Ci/yr/Ci) . Boundary . Boundary
(mrem/Ci) (mrem/yr/Ci) (Ci) (mrem/yr)
C-14 2.59E-04 2.4E-03 6.2E-07 7.60E-02 4.7E-08
1-129 2.38E-03 2.3E+00 5.5E-03 2.74E-04 1.5E-06
Sb-125 3.71E-14 9.7E-02 3.6E-15 1.17E+01 4.2E-14
Se-79 7.02E-04 9.1E-03 6.4E-06 3.18E+00 2.0E-05
Sn-126 1.29E-03 4.4E+00 5.7E-03 5.94E+00 3.4E-02
H-3 3.12E-10 4.9E-05 1.5E-14 6.88E+00 1.1E-13
Tc-99 9.66E-04 2.6E-02 2.6E-05 5.82E+01 1.5E-03
Total Dose 3.5E-02

"From WSRC-STI-2007-00343

’Dose to MEI = Peak Flux x DRF
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The instantaneous flux is found by multiplying the peak flux by the total inventory divided
by the total area in the FTF. The total inventory of isotopes contributing to the radon flux is
summarized in Table 5.3-4. The inventory of Th-230 and Ra-226 in the CTS and evaporator
vessels, while not detected in analysis, is known to be present because they are daughter

products of other isotopes present.

However, the inventory of the CTS and evaporator

vessels is much less than that of the waste tanks so it is assumed insignificant to this analysis.

Table 5.3-4: Summary of Total FTF Inventory of Isotopes Producing Rn-222

] Pu-238 U-238 U-234 Th-230 Ra-226
Inventory Location . ] . . ]

(&1) (Ci) (Ci) (Ci) (Ci)

Total Waste Tank 2.47E+02 3.04E-01 4.23E-01 3.41E-01 | 3.44E-01

Transfer Lines 6.49E+00 4.95E-03 8.46E-03 5.06E-03 | 5.10E-03

FPT-1 3.43E-02 2.62E-05 4 48E-05 2.68E-05 | 2.70E-05

FPT-2 3.43E-02 2.62E-05 4.48E-05 2.68E-05 | 2.70E-05

FPT-3 3.43E-02 2.62E-05 4 48E-05 2.68E-05 | 2.70E-05

FTF Catch Tank 1.04E-01 8.99E-05 8.99E-05 1.30E-04 | 1.31E-04
242-3F CTS 9.17E-01 3.92E-04 2.09E-03 N/A N/A
242-F Evaporator 4.72E-03 7.50E-06 7.08E-06 N/A N/A
242-16F Evaporator 4.72E-03 7.50E-06 7.08E-06 N/A N/A

Total FTF Inventory | 2.55E+02 3.10E-01 4.34E-01 3.46E-01 | 3.49E-01

As shown in Table 5.3-5, the peak instantaneous radon flux using the entire FTF inventory as
described in Section 3.3, is 9.3E-08 pCi/m%/sec.

Table 5.3-5: Peak Instantaneous Rn-222 Flux at Land Surface

Peak Instantaneous Rn-222 flux at
Parent FTF Inventory | FTF Inventory Land Surface
i i/mA) ! o2
Source (Ci) (Ci/m”) (p(j(lérirln n/1s2§C) / (pCi/m/sec)
Pu-238 2.55E+02 4.09E-03 2.7E-07 8.3E-10
U-238 3.10E-01 3.74E-06 9.3E-06 3.5E-11
U-234 4.34E-01 3.47E-05 7.7E-04 4.0E-09
Th-230 3.46E-01 4.19E-06 1.0E-02 4.3E-08
Ra-226 3.49E-01 4.21E-06 1.1E-02 4.6E-08
Total 9.3E-08

"Total area of FTF is 82,910 m*
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54 Biotic Pathways

The MOP exposure pathways are discussed in detail in Section 4.2.4.1. The FTF MOP scenario
with 100m well water as a primary water source is graphically represented in Figure 4.2-27. The
FTF MOP scenario with stream water as a primary water source is graphically represented in
Figure 4.2-28. Provided below are the individual elements of the MOP biotic pathways that
were identified for analysis and inclusion in the two MOP scenarios. The GoldSim computer
code was used to calculate doses following the dose formulas provided below and utilizing the
PORFLOW calculated 100m and seepline concentrations as inputs. Unless otherwise noted,
formulas were based on those used in LADTAP model, report WSRC-STI-2006-00123, or in the
PA for Idaho Tank Farm, document DOE-ID-10966. While these documents were used as
guides for the formulas, ultimately the basis for all the formulas can be traced to 10 CFR 50,
Reg. Guide 1.109.

5.4.1 Member of the Public at the 100m Well Dose Pathwavs

The MOP exposure pathways detailed below are used in calculating the dose to the MOP
receptor with 100m well water as a primary water source. All transfers times are assumed
negligible due to the half lives of the radionuclides and the long term analysis of the PA.
Unit conversions are not explicitly stated in the equations, but are coded into GoldSim.

5.4.1.1  Member of the Public at the 100m Well Ingestion Dose Pathways

Ingestion of Water

The drinking water exposure route assumes the receptor uses a well located 100m from
the tank farm tanks as a drinking water source. The incidental ingestion of water from
showering and during recreational activities is assumed to be negligible when compared
to ingestion of drinking water. The dose from consumption of drinking water is
calculated using the following formula.

D=CgeyxUwxDCF

where:
D = dose from 1 year’s consumption of contaminated media; in this
equation, groundwater (rem/year)
Cow = radionuclide concentration in groundwater from a well (pCi/L)
Up = human consumption rate of water (L/year), Table 4.6-7
DCF = ingestion dose conversion factor (rem/uCi), Table 4.7-1
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Ingestion of Beef and Milk

The beef and dairy exposure route assumes cattle drink contaminated stock water and the .

receptor in turn consumes the contaminated beef and milk from the cattle. Beef and milk
are treated separately. The dose is calculated using the following formula.

Beef:

Milk:

where:

OFi

Cow
Qwi
DCF
Us
Um
Fg
Fy

D=T, x(FF;x C, x 0y + Cgyy x Oy Jx DCF x U, x F,

DzTMX(FFMXC/XQFM+CGWXQWM)XDCFXUMXFM

beef transfer coefficient (d/kg), Table 4.6-3
milk transfer coefficient (d/L), Table 4.6-2

beef or milk cattle intake fraction from irrigated field/pasture,
Table 4.6-7

radionuclide concentration in fodder (pCi/kg)

consumption rate of fodder by beef or milk cattle (Kg/d), Table
4.6-7

radionuclide concentration in groundwater from a well (pCi/L)
consumption rate of water by beef or milk cattle (L/d), Table 4.6-7
ingestion dose conversion factor (rem/uCi), Table 4.7-1

human consumption rate of beef (kg/year), Table 4.6-7

human consumption rate of milk (L/year), Table 4.6-7

fraction of beef produced locally (unitless), Table 4.6-5

~ fraction of milk produced locally (unitless), Table 4.6-5
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Ingestion of Vegetables

The dose to humans from ingestion of contaminated leafy vegetables and produce is
calculated assuming two contamination routes: (1) direct deposition of contaminated
irrigation water on plants and (2) deposition of contaminated irrigation water on soil
followed by root uptake by plants. Leafy vegetables and produce are treated separately.
The dose is calculated using:

D = Cyy, x I x(LEAF + ROOT)x DCF x (U, + Uy, xk)x FV x &

where:

Cow =

LEAF =
ROOT =
DCF =
Uy =
Uor =

FV =

Lear = 7<0=¢"")

Y, x4
Aty
roor - T xli=¢*)
Ps X4
A, =+A,

radionuclide concentration in groundwater from a well (pCi/L)
irrigation rate (L/m’-d), Table 4.6-6

radionuclide concentration in the vegetable’s leaves (m”d/kg)
radionuclide concentration in the vegetable’s roots (m’d/kg)
ingestion dose conversion factor (rem/pCi), Table 4.7-1

human consumption rate of leafy vegetables (kg/year), Table 4.6-7

human consumption rate of other vegetables (produce) (kg/year),
Table 4.6-7

fraction retention of deposition on leaves (unitless) [1]

fraction of leafy vegetables and produce produced locally
(unitless), Table 4.6-5

fraction of material deposited on leaves that is retained (unitless),
Table 4.6-6

weathering and radiological decay constant (1/d)

weathering decay constant (0.0495/d)

time vegetables are exposed to irrigation (d), Table 4.6-5
vegetation production yield (kg/m?), Table 4.6-5

soil to vegetable ratio (uniﬂess), Table 4.6-1

surface soil density (kg/m?), Table 4.6-6

buildup time of radionuclides in soil, Table 4.6-1

radiological decay constant (In2/half life of radionuclide i — 1/d)
transport time (d), assumed to be zero
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Ingestion of Fish

The fish exposure route assumes fish are caught from a stream contaminated from the
aquifer, diluted, and the receptor in turn consumes the contaminated fish. The dose is
calculated using the following formula.

D =C;xU, xT. xDCF

where:
Cs = radionuclide concentration in groundwater at the seepline (pCi/L)
Ur = human consumption rate of finfish (kg/year), Table 4.6-7
Tr = fish bioaccumulation factor (L/kg), ,Table 4.6-4
DCF = ingestion dose conversion factor (rem/uCi), ,Table 4.7-1

Ingestion of Soil

The soil ingestion exposure route assumes soil is irrigated with groundwater from a 100m
well and the receptor in turn consumes the contaminated soil. For simplicity and
conservatism, the soil ingested is assumed to be groundwater. This formula was derived
following the approach of the previous pathway calculations. The dose is calculated
using the following formula.

D =C,;, x DCF xU,

Prw
where:
Cow = radionuclide concentration in groundwater from a well (pCi/L)
DCF = ingestion dose conversion factor (rem/uCi), Table 4.7-1
U = human consumption rate of dirt (kg/year), Table 4.6-7
pw = density of water (g/ml)

5.4.1.2  Member of the Public at the 100m Well Direct Exposure Dose Pathways
Direct Exposure from Irrigated Soil

The irrigated soil direct exposure route assumes soil is irrigated with groundwater from a
100m well and the receptor in turn is exposed during time spent caring for a garden. The
dose is calculated using the following formula.

D =C,xF;xDCF
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where: |
Cp = radionuclide concentration in irrigated soil (pCi/m’)
DCF = external dose conversion factor, 15cm (rem/yr per pCi/m?), Table
4.7-1
Fe = fraction of time spent in garden (unitless), Table 4.6-7

Direct Exposure from Swimming

The swimming direct exposure route assumes the receptor receives dose from swimming
in a stream contaminated from the aquifer. The dose is calculated using the following

formula.
D = GF; xt; xCygy, x DCF
where:

DCF = external dose conversion factor, water immersion (rem/yr per
uCi/m’), Table 4.7-1

GFs = swimming geometry factor (unitless) ,[1]

ts = time per year spent swimming (hr/yr),, Table 4.6-7

Csw = radionuclide concentration in water from the stream (undiluted
aquifer) (pCv/L) ,

Direct Exposure from Fishing/Boating

The fishing/boating direct exposure route assumes the receptor receives dose from fishing
or boating in a stream contaminated from the aquifer. The dose is calculated using the
following formula.

D = GFy; xt; xCg, x DCF

where:
DCF = external dose conversion factor, 15 cm (rem/yr per pCi/m*), Table
4.7-1
GFp = boating geometry factor (unitless), ,[0.5]
tp = time per year spent boating (hr/yr), Table 4.6-7
Csw = radionuclide concentration in water from the stream (undiluted
aquifer) (pCi/L)
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5.4.1.3  Member of the Public at the 100m Well Inhalation Dose Pathways
Inhalation during Irrigation

The irrigation inhalation exposure route assumes soil is irrigated with groundwater from a
100m well and the receptor in turn is exposed by breathing while the garden is irrigated
but only during time spent caring for a garden. For simplicity and conservatism, the
source material is the moisture contained within the air with equal concentrations as the
groundwater. No resistance to vaporization (i.e., vapor pressure) was used. This formula
was derived following the approach of the previous pathway calculations. The dose is
calculated using the following formula.

D= Cuw x DCF xU , x F;xCy,
Pw
where:
Cow = radionuclide concentration in groundwater from a well (pCi/L)
DCF = inhalation dose conversion factor (rem/puCi), Table 4.7-1
Uy = air intake (m3/yr), Table 4.6-7
Fg = fraction of time spent in garden exposed to soil irrigated with
contaminated ground water (unitless), Table 4.6-7
Cyy = water contained in air at ambient conditions, (g/m3) [10 g/m3]
pPw = water density (g/ml)

Inhalation during Showering

The showering inhalation exposure route assumes the receptor is exposed by breathing
humid air within the shower. The source of water for the shower is a well 100m from the
tank farm. For simplicity and conservatism, the source material is the moisture contained
within the air with equal concentrations as the groundwater. No resistance to
vaporization (i.e., vapor pressure) was used, adding to the conservatism. For example,
heavy elements would be greatly influenced by this assumption because they would be
less likely to volatize. This formula was derived following the approach of the previous
pathway calculations. The dose is calculated using the following formula.

Cow X DCF xU ;xtg x Cpy
Pw

D=
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where:

Cow = radionuclide concentration in groundwater from a well (pCi/L)

DCF = inhalation dose conversion factor (rem/pCi), Table 4.7-1

u, = air intake (m*/yr), Table 4.6-7

ts = time spent in shower (min), Table 4.6-7

GoldSim uses fraction of time [0.0069 = 10 min/day
Cys = water contained in air at shower conditions, (g/m3) [41 g/m3]
pw = water density (g/ml)

Inhalation of Dust from Irrigated Soil

The irrigation soil inhalation exposure route assumes soil is irrigated with groundwater
from a 100m well and the receptor is exposed by breathing dust during time spent caring
for a garden. This formula was derived following the approach of the previous pathway
calculations. The dose is calculated using the following formula.

U,xLs, xC,xDCF xF,

D=
Pss
where:
‘ Uy = air intake (m3/yr), Table 4.6-7
Lsy = soil loading in air while working in a garden (kg/m®), Table 4.6-6
Cp = radionuclide concentration in soil irrigated with water from a well
(pCi/m3)
DCF = inhalation dose conversion factor (rem/uCi), Table 4.7-1
Fg = fraction of time spent in garden exposed to soil irrigated with

contaminated ground water (unitless), Table 4.6-7
Dss = density of sandy soil (g/cm3)

Inhalation During Swimming

The swimming inhalation exposure route assumes a stream contaminated from the
aquifer and the receptor inhales saturated air. For simplicity and conservatism, the
amount of moisture contained in the inhaled air assumed to be groundwater. The dose is
calculated using the following formula.

U, xGF; xt; xCg,, x DCF xC,,,
Pw

D=
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where:
Uy = air intake (m’/yr), Table 4.6-7
GFs = swimming geometry factor (unitless) ,[1]
ts = time per year spent swimming (hr/yr), ,Table 4.6-7
Csw = radionuclide concentration in water from the stream (undiluted
aquifer) (pCi/L)
DCF = inhalation dose conversion factor (rem/puCi), Table 4.7-1
Cws = water contained in air at ambient conditions, (g/m3) [10 g/m’]
pw = water density (g/ml)

54.2 Member of the Public at the Stream Dose Pathways

The MOP exposure pathways detailed below are used in calculating the dose to the MOP
receptor with stream water as a primary water source. The stream concentrations used in the
dose calculations are the peak aquifer concentrations (as discussed in Section 5.2.3), and
conservatively assume no stream dilution. All transfer times are assumed negligible due to
the half lives of the radionuclides and the long term analysis of the PA. Unit conversions are
not explicitly stated in the equations, but are coded into GoldSim.

5.4.2.1  Member of the Public at the Stream Ingestion Dose Pathways

Ingestion of Water

The drinking water exposure route assumes the receptor uses a well located at the
seepline, undiluted, as a drinking water source. The incidental ingestion of water from
showering and during recreational activities is assumed to be negligible when compared
to ingestion of drinking water. The dose from consumption of drinking water is
calculated using the following formula.

D=Cyw*xUwxDCF

where:
D = dose from 1 year’s consumption of contaminated media; in this
equation, groundwater (rem/year)
Cgw = radionuclide concentration in water from the seepline aquifer
(undiluted) (pCi/L)
Ur = human consumption rate of water (L/year) — Table 4.6-7
DCF = ingestion dose conversion factor (rem/uCi) Table 4.7-1
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Ingestion of Beef and Milk

The beef and dairy exposure route assumes cattle drink contaminated stream water and
the receptor in turn consumes the contaminated beef and milk from the cattle. Beef and
milk are treated separately. The dose is calculated using the following formula.

Beef:
D=T, X(FFB xcf X Qg + Cgy XQWB)X'DCFXUB x Fy

Milk:

D=1, X(FFM XCpx Oy + Cyy XQWM)XDCFXUM x Fy

where:
Ty = beef transfer coefficient (d/kg), Table 4.6-3
T, = milk transfer coefficient (d/L), Table 4.6-2
FF; = beef or milk cattle intake fraction from irrigated field/pasture,Table
4.6-7
Cy = radionuclide concentration in fodder (pCi/kg)
O = consumption rate of fodder by beef or milk cattle (kg/d), Table 4.6-
-7
Csw = radionuclide concentration in water from the stream (undiluted
aquifer) (pCi/L)

Qw = consumption rate of water by beef or milk cattle (L/d), Table 4.6-7
DCF = ingestion dose conversion factor (rem/uCi), Table 4.7-1
Us = human consumption rate of beef (kg/year), Table 4.6-7
Uy = human consumption rate of milk (L/year), Table 4.6-7
Fp = fraction of beef produced locally (unitless), Table 4.6-5
Fy = fraction of milk produced locally (unitless), Table 4.6-5.
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where:

Ingestion of Vegetables

The dose to humans from ingestion of contaminated leafy vegetables and produce is
calculated assuming two contamination routes: (1) direct deposition of contaminated
irrigation water on plants and (2) deposition of contaminated irrigation water on soil
followed by root uptake by plants. Leafy vegetables and produce are treated separately.
The dose is calculated using:

D = Cg, xIx(LEAF + ROOT )x DCF x(U,, + Uy, x k)x FV x ™"

LEAF—M

Y, x4
roor < Twrxl=¢)
Ps x4,
A, =4 +A,

Csw = radionuclide concentration in groundwater from a well (pCi/L)
1 = irrigation rate (L/m?-d), Table 4.6-6
LEAF = radionuclide concentration in the vegetable’s leaves (m*d/kg)
ROOT = radionuclide concentration in the vegetable’s roots (m°d/kg)
DCF = ingestion dose conversion factor (rem/uCi), Table 4.7-1
Uy = human consumption rate of leafy vegetables (kg/year), Table 4.6-7
Uor = human consumption rate of other vegetables (produce) (kg/year),

Table 4.6-7
k = fraction retention of deposition on leaves (unitless) [1]
Fv = fraction of leafy vegetables and produce produced locally

(unitless), Table 4.6-5
ro = fraction of material deposited on leaves that is retained (unitless),

Table 4.6-6
Xe = weathering and radiological decay constant (1/d)
A = weathering decay constant (0.0495/d)
ty = time vegetables are exposed to irrigation (d), Table 4.6-5
Yy = vegetation production yield (kg/m?)], Table 4.6-5
Ty = soil to vegetable ratio (unitless), Table 4.6-1
ps = surface soil density (kg/m?), Table 4.6-6
173 = buildup time of radionuclides in soil, Table 4.6-1
Ai = radiological decay constant (In2/half life of radionuclide i — 1/d)
t = transport time (d), assumed to be zero
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Ingestion of Fish

The fish exposure route assumes fish are caught from a stream contaminated from the
aquifer, and the receptor in turn consumes the contaminated fish. The dose is calculated
using the following formula.

D =Cg, xU, xT, x DCF

where:
Csw = radionuclide concentration in water from the stream (undiluted
aquifer) (pCi/L)
Ur = human consumption rate of finfish (kg/year), Table 4.6-7
Tr = fish bioaccumulation factor (L/kg), Table 4.6-4
DCF = ingestion dose conversion factor (rem/pCi), Table 4.7-1

Ingestion of Soil

The soil ingestion exposure route assumes soil is irrigated with groundwater from a
stream contaminated from the aquifer, and the receptor in turn consumes the
contaminated soil. For simplicity and conservatism, the soil ingested is assumed to be
groundwater. This formula was derived following the approach of the previous pathway
calculations. The dose is calculated using the following formula.

D =C,, x DCF xU,

Pw
where:
Csw = radionuclide concentration in water from the stream (undiluted
aquifer) (pCi/L)
DCF = ingestion dose conversion factor (rem/puCi), Table 4.7-1
Up = human consumption rate of dirt (kg/year), Table 4.6-7
pw = density of water (g/ml)

5.4.2.2  Member of the Public at the Stream Direct Exposure Dose Pathways

Direct Exposure from Irrigated Soil

The irrigated soil direct exposure route assumes soil is irrigated with groundwater from a
stream contaminated from the aquifer, diluted, and the receptor in turn is exposed during
time spent caring for a garden. The dose is calculated using the following formula.
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D =C,xF;xDCF

where:
Cp = radionuclide concentration in irrigated soil (pCi/m’)
DCF = external dose conversion factor, 15c¢m (rem/yr per uCi/m?), Table
4.7-1
Fg = fraction of time spent in garden (unitless), Table 4.6-7

Direct Exposure from Swimming

The swimming direct exposure route assumes the receptor receives dose from swimming
in a stream contaminated from the aquifer. The dose is calculated using the following

formula.
D =GF;xt; xCg, x DCF
where:
DCF = external dose conversion factor, water immersion (rem/yr per
uCi/m?), Table 4.7-1
GFs = swimming geometry factor (unitless) [1]
ts = time per year spent swimming (hr/yr), Table 4.6-7
Cow = radionuclide concentration in water from the stream (undiluted

aquifer) (pCi/L)
Direct Exposure from Fishing/Boating

The fishing/boating direct exposure route assumes the receptor receives dose from fishing
or boating in a stream contaminated from the aquifer. The dose is calculated using the
following formula.

D = GFy xty xCg, x DCF

where:
DCF = external dose conversion factor, 15 cm (rem/yr per pCi/m’), Table
4.7-1
GFp = boating geometry factor (unitless) [0.5]
tp = time per year spent boating (hr/yr), Table 4.6-7
Csw = radionuclide concentration in water from the stream (undiluted

aquifer) (pCi/L)
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5.4.2.3  Member of the Public at the Stream Inhalation Dose Pathways
Inhalation during Irrigation

The irrigation inhalation exposure route assumes soil is irrigated with groundwater from a
stream contaminated from the aquifer, and the receptor in turn is exposed by breathing
while the garden is irrigated but only during time spent caring for a garden. For
simplicity and conservatism, the source material is the moisture contained within the air
with equal concentrations as the groundwater. This formula was derived following the
approach of the previous pathway calculations.

Cyw xDCF xU  x F;xC,,

D=
Pw
where:
Caw = radionuclide concentration in water from the seepline aquifer
(undiluted) (pCi/L)
DCF = inhalation dose conversion factor (rem/uCi), Table 4.7-1
Uy = air intake (m*/yr), Table 4.6-7
Fg = fraction of time spent in garden exposed to soil irrigated with water
from the seepline aquifer (unitless), Table 4.6-7
‘ Cwqg = water contained in air at ambient conditions, (g/m3) [10 g/m3]
pw = water density (g/ml)

Inhalation during Showering

The showering inhalation exposure route assumes receptor exposed by breathing humid
air within the shower. The source of water for the shower is a stream contaminated from
the aquifer. For simplicity and conservatism, the source material is the moisture
contained within the air with equal concentrations as the aquifer. No resistance to
vaporization (i.e., vapor pressure) was used, adding to the conservatism. For example,
heavy elements would be greatly influenced by this assumption because they would be
less likely to volatize. This formula was derived following the approach of the previous
pathway calculations. The dose is calculated using the following formula.

Cow X DCF xU ; x5 x Gy
Pw

D=
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where:

Caw = radionuclide concentration in water from the seepline aquifer
(undiluted) (pCi/L)

DCF = inhalation dose conversion factor (rem/puCi), Table 4.7-1

Uy = air intake (m’/yr), Table 4.6-7

ts = time spent in shower (min), Table 4.6-7
GoldSim uses fraction of time [0.0069 = 10 min/day

Cws = water contained in air at shower conditions, (g/m>) [41 g/m’]

pw = water density (g/ml)

Inhalation of Dust from Irrigated Soil

The irrigation soil inhalation exposure route assumes soil is irrigated with groundwater
from a stream contaminated from the aquifer, and the receptor in turn is exposed by
breathing dust during time spent caring for a garden. This formula was derived following
the approach of the previous pathway calculations. The dose is calculated using the
following formula.

D= U, xLg, xCSW x DCF x F,
Pss
where:
Uy = air intake (m*/yr), Table 4.6-7
Lsu = soil loading in air while working in a garden (kg/m’), Table 4.6-6
Csw = radionuclide concentration in water from the stream (undiluted
aquifer) (pCi/L)
DCF = inhalation dose conversion factor (rem/uCi), Table 4.7-1
F¢ = fraction of time spent in garden exposed to soil irrigated with
contaminated ground water (unitless), Table 4.6-7
pss = density of sandy soil (g/cm’)

Inhalation during Swimming

The swimming inhalation exposure route assumes a stream contaminated from the
aquifer and the receptor inhales saturated air. For simplicity and conservatism, the
amount of moisture contained in the inhaled air assumed to be stream water. This
formula was derived following the approach of the previous pathway calculations. The
dose is calculated using the following formula.

U, xGFy xt; xCgy x DCF xC,,,,
Pw

D=
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where:
Uy = air intake (m*/yr) Table 4.6-7
GFs = swimming geometry factor (unitless) [1]
ts = time per year spent swimming (hr/yr), Table 4.6-7
Csw = radionuclide concentration in water from the stream (undiluted
aquifer) (pCi/L)
DCF = inhalation dose conversion factor (rem/uCi), Table 4.7-1
Cwa = water contained in air at ambient conditions, (g/m’) [10 g/m’]
pw = water density (g/ml)

5.5  Dose Analysis

The peak total doses are calculated utilizing the pathways identified in Section 5.4 for (a) the
MOP at the 100m well and (b) the MOP at applicable streams (either UTR or Fourmile Branch).
The peak total doses are calculated using the MCLs identified in Section 5.2. A peak dose is
identified for the 10,000 year performance period. In addition, a peak dose associated with the
key radionuclides is calculated through 40,000 years (40,000 years was set as the end point
because the total doses were shown to be in decline after that point).

5.5.1 Member of the Public at 100m Groundwater Pathway Dose Results

The groundwater pathway peak doses for the five 100m sectors are calculated using the peak
concentration for each radionuclide in the Sector (a discussion of how peak concentrations
are determined by sector is provided in Section 5.2). These groundwater pathway peak doses
are the total dose associated with all the individual 100m well pathways identified in Section
5.4.

5.5.1.1 Member of the Public 100m Peak Annual Groundwater Pathway Dose

Table 5.5-1 shows a comparison of the 100m peak groundwater pathway doses for the
different 100m sectors within both 10,000 and 20,000 years. In calculating the peak
groundwater pathway dose, the highest radionuclide concentration within the vertical
computational meshes is used from each of the three distinct aquifers modeled (UTR-UZ,
UTR-LZ, and the Gordon aquifer).

The highest peak groundwater pathway dose in the 10,000 year performance period is
associated with Sector E. Sector E is the Sector associated most closely with the Type IV
tanks, which are the tanks whose liners are modeled as failing earlier than any other tank type
(and within the 10,000 year performance period).

Figure 5.5-1 shows the peak doses to the 100m MOP receptor over time during the
performance period (10,000 years) for the five 100m sectors. The highest 100m MOP
groundwater pathway peak dose in the 10,000 year evaluation period is a 1.26 mrem/yr dose
at year 10,000. Figure 5.5-2 shows the 100m MOP receptor doses within 20,000 years for
the five 100m sectors.
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Table 5.5-1: Member of the Public at 100m Peak Groundwater Pathways Dose by Sector

Sector Highest Peak Dose in 10,000 Years Highest Peak Dose in 20,000 Years
0.20 mrem/yr (year 594) 4.1 mrem/yr (year 17,390)
Principal Pathways: Principal Pathways:
Water Ingestion (46%) Water Ingestion (44%)
A Fish Ingestion (26%) Vegetable Ingestion (20%)
Vegetable Ingestion (21%) Principal Radionuclide:
Principal Radionuclide: Ra-226 (39%)
Tc-99 (72%) Np-237 (60%)
0.32 mrem/yr (year 598) 3.9 mrem/yr (year 14,134)
Principal Pathways: Principal Pathways:
B Water Ingestion (53%) Water Ingestion (61%)
Vegetable Ingestion (24%) Vegetable Ingestion (27%)
Principal Radionuclide: Principal Radionuclide:
Tc-99 (83%) Ra-226 (98%)
0.33 mrem/yr (year 596) 2.2 mrem/yr (year 13,776)
Principal Pathways: Principal Pathways:
C Water Ingestion (55%) Water Ingestion (61%)
Vegetable Ingestion (25%) Vegetable Ingestion (28%)
Principal Radionuclide: ' Principal Radionuclide:
Tc-99 (87%) Ra-226 (89%)
1.2 mrem/yr (year 10,000) 5.9 mrem/yr (year 13,712)
Principal Pathways: Principal Pathways:
Water Ingestion (52%) Water Ingestion (53%)
D Vegetable Ingestion (23%) Vegetable Ingestion (25%)
Principal Radionuclides: Principal Radionuclides:
U-233 (43%) Ra-226 (51%)
Ra-226 (23%) Th-229 (14%)
1.3 mrem/yr (year 10,000) 5.6 mrem/yr (year 13,722)
Principal Pathways: Principal Pathways:
Water Ingestion (53%) Water Ingestion (53%)
E Vegetable Ingestion (24%) Vegetable Ingestion (25%)
Principal Radionuclide: Principal Radionuclides:
Ra-226 (36%) Ra-226 (45%)
U-233 (27%) U-233 (14%) -

Note: Sectors illustrated in Figure 5.2-5
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Provided below is a discussion of the peaks that appear in Figures 5.5-1 and 5.5-2. The
discussion also relies upon information from Figures 5.5-3 and 5.5-4 relating to the
individual radionuclide contributors to the groundwater pathway doses.

The peaks prior to year 3,600 are associated with ancillary equipment releases, in
particular the transfer lines, which are distributed throughout the FTF and therefore
affect all sectors. The timing of the ancillary equipment peaks is fairly consistent for
all sectors, with the magnitude of the peak varying depending on what ancillary
equipment other than the transfer lines are contributing to the peak (i.e., Sectors D
and E have more inventory sources, such as the CTS tank and catch tank nearby).
The ancillary equipment releases start around the time its containment fails (at year
510). In contrast to the waste tanks (where solubility control was modeled as
controlling waste release), the ancillary equipment releases were modeled as
instantaneous, so the entire inventory in each ancillary equipment location is available
for release at year 510.

The peaks near year 580 are associated with Tc-99 from the ancillary equipment. The
Tc-99 travels quickly (Ky in soil 0.1 mL/g) to the 100m boundary after the ancillary
equipment containment fails (at year 510). The entire Tc-99 inventory in all ancillary
equipment location is available for transport beginning at year 510 and can contribute
to a single peak soon thereafter. The largest ancillary equipment Tc-99 inventories
are in the transfer lines (0.53 Ci) and CTS tank (0.11 Ci).

The peaks near year 725 are associated with Np-237 from the ancillary equipment.
The Np-237 travels relatively quickly (K, in soil 0.6 mL/g), but does not travel as
quickly as the Tc-99 due to soil retardation being greater for Np, so the peak
associated with Np-237 is later and less acute. The largest ancillary equipment Np-
237 inventories are in the transfer lines (2.79E-03 Ci) and CTS tank (4.74E-04 Ci).
The transfer lines (2.07 Ci) and CTS tank (1.01 Ci) also have the largest inventories
of Am-241, which is a parent of Np-237.

The peaks near year 1,800 are associated with Ra-226 from the ancillary equipment
and also the tail end of the Np-237 release from the ancillary equipment. The Ra-226
itself travels fairly quickly through the soil (K in soil 5 mL/g), but it lags behind the
Np-237 because it is being released primarly as a daughter product of U-238 not as a
part of an initial inventory. There is an initial peak associated with the Ra-226
produced in the tank via ingrowth from U-238. After that initial peak, the RA-226
release is tied to the steady state U-238 release and therefore levels off. Since itis a
daughter product, its.initial travel time is tied to its parent and U-238 has a higher
than average K; (K, in soil 200 mL/g ). The Ra-226 peak is therefore tied to the
release and travel of the U-238. The transfer lines and CTS tank have the largest
inventories of U-238.

The peaks between years 3,600 and 12,700 are tied primarily to releases from the
Type IV tanks. The peaks after year 12,700 are tied to the tail end of releases from
the Type IV tanks and the start of releases from the Type I and III/IIIA tanks. The
Type IV tank liners are considered to fail at approximately year 3,600 while the Type
I and III/IITA tanks don’t fail until approximately year 12,700. The releases from the
waste tank CZs are potentially solubility limited, such that release fluxes from tank
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liners may vary by radionuclide dependant on its individual solubility controlled
release rate from the CZ. '

e The peaks near year 3,600 are associated with C-14 from the Type IV tanks. The C-
14 contributes to dose almost immediately through fish ingestion at the stream
because it travels extremely quickly (K, in basemat < 20 mL/g, K, in soil = 0.0 mL/g)
and has a very high water to fish accumulation factor (50,000 L/kg). The largest
Type IV tank C-14 inventories are in Tank 18 (0.028 Ci) and Tank 19 (0.014 Ci).

e The Sector D and E doses between approximately year 4,000 and 10,000 have a
significant Ra-226 contribution. As discussed previously, the Ra-226 contribution is
tied to the release and travel of U-238, but once the U-238 is released from the Type
IV tanks the Ra-226 travels faster and can reach the 100m boundary before its parent.
The Ra-226 contribution starts ramping up almost as soon as the Type IV tank liners
fail and steadily increases as more U-238 is released. As expected, there is an initial
peak associated with the Ra-226 inventory produced through ingrowth. Since
Uranium has a higher than average K, (K, in soil 200 mL/g ), the associated quantity
of Ra-226 released tend to increase slowly. The largest Type IV tank U-238
inventories (the parent and principal source of the Ra-226) are in Tank 18 (0.049 Ci)
and Tank 19 (0.011 Ci). The Ra-226 inventories in the Type IV tanks are
insignificant.

o There is dose spike for Sectors D and E at approximately year 13,750 associated with
Ra-226. There is also dose spike for Sectors A and B at approximately year 14,000
associated with Ra-226. These dose peaks are tied to the liner failure dates (~ year .
12,700) for the Type I and Type III/IIIA tanks (it should be noted that all the tanks for
a given tank type are assumed to fail in the same year). These peaks are associated
with the U-238 and its daughter Ra-226 being release from the tank liner. The spike
is twice the magnitude of the steady state release due to the Ra-226 ingrowth inside
the tank liners for 12,700 years prior to liner failure. There is a lag time between the
release from the liner and the peak date as the Ra-226 travels though the Type I and
Type II/ITIA tank basemats. The concrete basemats have a relatively low K, for Ra
(basemat K, 70 -100 mL/g) but are thick (30 inches for the Type I tanks and 41 - 42
inches for the Type III/IIIA tanks). The lag time is slightly longer for Sectors A and
B because the primary sources of U-238 (Tanks 33 and 34) are farther from the 100m
boundary (~250m) than the Type I tanks. The largest Type I tank U-238 inventories
are in Tank 6 (0.017 Ci), Tank 5 (0.014 Ci), and Tank 1 (0.011 Ci). Tanks 1, 5, and 6
also have the largest Ra-226 inventories for the Type I tanks. The largest Type
IIVIIIA tank U-238 inventories are in Tank 33 (0.079 Ci) and Tank 34 (0.088 Ci).
Tanks 1, 5, and 6 also have the largest Ra-226 inventories for the Type I tanks.

e The Sector D and E peaks near year 6,000 are associated with Np-237 and Ra-226
from the Type IV tanks. These peaks don’t show up in Sectors A — C because theses
sectors see very little of the plume spread from the Type IV tanks. The timing of the
peak near year 6,000 is due to Np-237, which peaks at this time and then rapidly falls
off (Figure 5.5-3). The Np-237 doesn’t begin to contribute to the dose until around
year 5,600, but after it appears it spikes rapidly until it peaks near year 6,000. The
solubility of Np-237 is relative high, and the Np-237 is released from the CZ ‘
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Table 5.5-2: Member of the Public at 100m Peak Groundwater Pathway Dose Individual
Radionuclide Contributions at Year 10,000 (Peak Year)

Contribution to Sector E | Percentage of
Radionuclide Peak dose at year 10,000 Total Peak
(mrem/yr) Dose (%)

C-14 <0.01 0%
Np-237 0.10 8%
Pa-231 0.02 2%
Pb-210 <0.01 - 0%
Pu-239 0.01 1%
Pu-240 0.03 3%
Pu-242 <0.01 0%

Ra-226 0.45 37%
Tc-99 <0.01 0%
Th-229 0.11 8%
Th-230 <0.01 0%

U-233 0.33 26%

U-234 0.19 15%
U-236 0.01 0%
' U-238 <0.01 0%

Total 1.26 100%

5.5.1.3  Individual Tank Contributions to MOP 100m Peak Annual Groundwater
Pathway Dose

Table 5.5-3 shows the relative contributions from those waste sources (Tanks 17 through 20
and the transfer lines) which will contribute to the Sector E 100m MOP groundwater
pathway dose at 10,000 years (the year of the peak dose). Tanks 1 through 8 and Tanks 33
and 34 were excluded because the liners for these tanks are not expected to fail within 10,000
years. Tanks 25 through 28 and 44 through 47, and the other ancillary equipment were
excluded from individual analysis because they have a relatively insignificant residual
inventory for the key radionuclides. Tank 18 is the primary contributor (~83%) to the 100m
Peak Groundwater Pathway Dose in Section E at year 10,000. Appendix E contains the
100m radionuclide concentration curves (20,000 years) for Tanks 1 through 8, Tanks 17
through 20, Tanks 33, 34 and the transfer lines.
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Table 5.5-3: Member of the Public at 100m Peak Groundwater Pathway Dose Individual
Source Contributions at Year 10,000 (Peak Year) for Sector E

Contribution to Sector Percentage of
Waste Source E Peak Dose at year Total Peak Dose
10,000 (mrem/yr) (%)
Tank 17 0.10 8%
Tank 18 1.05 83%
Tank 19 0.06 5%
Tank 20 0.01 1%
Transfer Lines 0.03 2%
Other Sources <0.01 <1%
TOTAL 1.26 ~100%
5.5.1.4  Individual Pathway Contributions to MOP 100m Peak Annual Groundwater
Pathway Dose

As stated previously, the total peak groundwater pathway dose results are the summation of
the doses associated with all the individual 100m well pathways identified in Section 5.4.
Table 5.5-4 shows the relative contributions from the individual groundwater pathways to the
Sector E 100m MOP receptor dose at 10,000 years (the year of the peak dose). The primary
contributors are water ingestion (53% of peak dose) and vegetable ingestion (24% of peak

dose).

Table 5.5-4: Member of the Public at 100m Peak Dose Individual Groundwater Pathway
Contributions for Sector E

Associated Percentage of Principal Radionuclide
Pathway Contribution at year Total Peak Pathway Dose (%)
. 10,000 (mrem/yr) Dose (%)
Water Ingestion 0.67 52.8 Ra-226 (43%)
Vegetable Ingestion 0.30 23.7 Ra-226 (43%)
Shower Inhalation 0.21 16.6 U-233 (29%)
Garden Inhalation 0.069 5.4 U-233 (29%)
Finfish Ingestion 0.010 0.8 Ra-226 (91%)
Milk Ingestion 0.007 0.6 Ra-226 (76%)
Beef Ingestion 0.002 <1 Ra-226 (66%)
TOTAL 1.26 100
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5.5.2.2  Member of the Public at Stream Individual Pathway Contributors

Table 5.5-7 shows the relative contributions from the individual groundwater pathways to the
Sector B (UTR) MOP receptor dose at 3,788 years (the year of the peak Sector B dose). The
primary contributor (98% of the peak dose) to the UTR peak is fish ingestion, which is due to
the large C-14 peak at year 3,788 (Figure 5.5-12). Table 5.5-8 shows the relative
contributions from the individual groundwater pathways to the Sector A (Fourmile Branch)
MOP receptor dose at 14,468 years (the year of the peak Sector A dose). The primary
contributors are finfish ingestion (46% of peak dose) and water ingestion (33% of peak
dose).

Table 5.5-7: Member of the Public at Stream Peak Dose Individual Groundwater Pathway

Contributions for Sector B (UTR)

Associated Principal
Pathway Contribution at | Total Peak Dose Radionuclide
year 3,788 (%) Pathway Dose
(mrem/yr) (%)
Finfish Ingestion 0.205 99 C-14 (99%)
All Others 0.002 1 _ ---
Total 0.207 100

Table 5.5-8: Member of the Public at Stream Peak Dose Individual Groundwater Pathway

Contributions for Sector A (Fourmile Branch)

Associated Principal
Pathway Contribution at | Total Peak Dose Radionuclide
year 14,468 (%) Pathway Dose
(mrem/yr) (%)
Finfish Ingestion 0.34 47 Ra-226 (96%)
Water Ingestion 0.25 34 Ra-226 (99%)
Vegetable Irrigation 0.11 15 Ra-226 (99%)
All Others 0.02 4 - -
Total 0.72 100

553 Member of the Public All-Pathway Dose Results

The purpose of this section is to present the total all-pathway peak doses for both the MOP at
100m and the MOP at the stream. The total all-pathway doses include both the groundwater
and air pathway contributors.
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5.5.3.1  Member of the Public at 100m Peak Annual All-Pathway Dose

The peak all pathway annual dose for the MOP at 100m is calculated using the highest 100m
groundwater pathway dose results during the 10,000 year performance period (from Section
5.5.1) in combination with the air pathway results (from Section 5.4). The peak all pathway
annual dose for the MOP is 1.4 mrem/yr and is associated with Sector E. The breakdown of
the individual dose contributors is provided in Table 5.5-9.

Table 5.5-9: Member of the Public at 100m Peak Annual All-Pathway Dose Contributors

Associated Percentage of Principal
Pathway | Contribution at year | Total Peak Dose Radionuclide
10,000 (mrem/yr) (%) Pathway Dose (%)
Water Ingestion 0.67 48 Ra-226 (43%)
Vegetable Ingestion 0.30 21 Ra-226 (43%)
Shower Inhalation 0.21 14 U-233 (29%)
Garden Inhalation 0.069 5 U-233 (29%)
Finfish Ingestion 0.010 1 Ra-226 (91%)
Milk Ingestion 0.007 <1 Ra-226 (76%)
Beef Ingestion 0.002 <1 Ra-226 (66%)
Air Pathway 0.14 10 Sn-126 (~100%)
Total 1.40 100

5.5.3.2  Member of the Public at Stream Peak Annual All-Pathway Dose

The peak all-pathway annual dose for the MOP at the stream is calculated using the highest
stream groundwater pathway dose results during the 10,000 year performance period (from
Section 5.5.2.1) in combination with the air pathway results (from Section 5.4). The peak
all-pathway annual dose for the MOP within 10,000 year is 0.25 mrem/yr and is associated
with UTR. The breakdown of the individual dose contributors is provided in Table 5.5-10.

Table 5.5-10: Member of the Public at Stream Peak Annual All-Pathway Dose Individual
Groundwater Pathway Contributions

Associated p Principal
NN ercentage of . .
Pathway Contribution at Total Peak Dose Radionuclide
Year 3,788 (%) Pathway Dose
(mrem/yr) (%)
Finfish Ingestion 0.20 82 C-14 (99%)
Air Pathway 0.035 14 Sn-126 (97%)
All Others 0.01 4 ---
Total 0.25 100
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5.6 Sensitivity and Uncertainty Analysis

The purpose of the sensitivity and uncertainty section is to consider the effects of uncertainties in
the conceptual models used and sensitivities in the parameters used in the mathematical models.
This evaluation was conducted for analyses related to MOP as well as those related to
inadvertent intruders. These evaluations focused on key uncertainties and key sensitivities
identified during modeling. The sensitivity and uncertainty analyses were primarily performed
using a probabilistic model (i.e., the GoldSim FTF model), as discussed in Sections 5.6.1 through
5.6.6. As described in Section 5.6.7, some additional single paraméter sensitivity analyses were
performed through deterministic modeling using both PORFLOW and GoldSim models.

The probabilistic model allows for variability of multiple parameters simultaneously, so
concurrent effect of changes in the model can be analyzed, and the potential impact of changes
can be assessed. This assessment allows for identification of parameters that are only of
significance when varied simultaneously with another parameter. The deterministic model single
parameter analysis provides a method to evaluate parametric effects in isolation, so the
importance of the uncertainty around a parameter of concern can be more effectively evaluated.
Using both probabilistic and deterministic models for sensitivity analysis versus a single
approach provides additional information concerning which parameters are of most importance
to the FTF model.

5.6.1 Sensitivity and Uncertainty Analysis using Probablistic Modeling

The objective of these analyses was to investigate uncertainties that are inherent in
conceptual models, mathematical models, and related data and assumptions to help confirm
that the Base Case modeling provides reasonable results.

5.6.1.1 GoldSim FTF Model

In order to address uncertainty and sensitivity of the modeling of the FTF, a probabilistic
model was constructed. This model is necessarily simpler than the PORFLOW groundwater
model in its environmental transport calculations, but includes additional calculations that
cannot be performed in PORFLOW. The GoldSim FTF model is described in detailed in
Section 4.4.4.2.

The probabilistic model, written using the GoldSim systems analysis software, accepts
uncertainty and variability in the input parameters, the values of which can be defined using
probability distributions. If a given model input (e.g., the porosity of sandy soil) is given a
distribution, or range of values, then this distribution is sampled in the collection of Monte
Carlo runs that constitutes a probabilistic analysis. The collective uncertainty of all
stochastic (probabilistic) inputs is reflected in the range and distribution of modeled results,
such as water concentrations or dose to hypothetical future human receptors. If a given input
parameter is given no range of input values, that is, if it is defined deterministically, then it
contributes nothing to the overall uncertainty in the results. In the real world, there are few
parameters that have zero uncertainty. An example of a parameter without a defined range is
the half-life of radionuclides.

Before probabilistic modeling became computationally feasible, the traditional approach to
PA modeling was to assume extreme yet discrete values for parameters whose values were
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not well known. Practitioners attempted to build what were termed “conservative” models,
wherein values would be deliberately chosen to make the result worse, e.g., increasing the
dose to a human receptor. This approach is problematic for two reasons: 1) the resulting
model was often so far removed from reality that it provided little useful information, and 2)
the attempt to determine what a conservative value might be for a given parameter was
frustrated by the fact that what may be “conservative” for one exposure pathway may not be
for another. Parameterizing the model with realistic input distributions avoids the problem of
false conservatism, and produces results that are based on our state of knowledge.

The probabilistic model allows evaluation of the degree of uncertainty in the PA and its role
in evaluating results. The results of the uncertainty analysis of this model are discussed in
Section 5.6.4. Adopting a probabilistic approach also allows analysts to determine which
model input parameters are the most significant to the results. This is done through
sensitivity analysis, which identifies covariance between model inputs and results. Section
5.6.6 discusses the sensitivity analysis performed for the FTF model.

A benchmarking of the environmental transport calculations within a deterministic version of
the GoldSim FTF model and those performed by the PORFLOW model is discussed in
Section 5.6.2.

5.6.1.2  GoldSim FTF Model Assumptions

The minimum evaluation distance from the FTF was determined for the GoldSim FTF model
by using Figure 5.2-2, which shows the 100m distance from FTF along the applicable stream
tracers. Using this figure it was possible to determine the actual transport distance required
to reach the “100m from the FTF” distance (Table 5.2-1 presents these distances).

The inventory used for GoldSim FTF stochastic analysis is a slightly abridged version of the
inventory used for the Base Case simulations performed using the PORFLOW FTF model.
The following radionuclides are not explicitly included in the initial GoldSim inventory: Ba-
137m, Bk-249, Ce-144, Cm-242, Cs-134, Eu-155, Na-22, Pm-147, Pr-144, Rh-106, Ru-106,
Sb-125, Sb-126, Sb-126m, Te-125m, and Y-90. These radionuclides are not included for
various reasons (e.g., short half-life, no DCF) and all of these radionuclides have been shown
to have an insignificant contribution to dose (as demonstrated in Section 5.2.1).

Since the GoldSim FTF model did not include explicit stream concentration analysis, in
instances where the stochastic analysis required a stream concentration to calculate a dose
pathway (e.g., fishing at the stream), a value of 5% of the associated 100m concentration was
used. The 5% value is reasonably conservative based on the fact that the peak stream
concentration is on average less than 5% of the associated peak 100m concentration
(Appendix F.1) and the fact that the water used in the stream pathways would be subject to
stream dilution, which is not accounted for when the raw seepline concentration from
PORFLOW is used.

5.6.2 GoldSim Benchmarking
5.6.2.1  Benchmarking Between the GoldSim and PORFLOW Models

The probabilistic model of FTF using the GoldSim systems analysis software is described in
Section 4.4. In order for the probabilistic results of this model to be compared to the results
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of the PORFLOW FTF model, obtaining a sufficient degree of agreement between the two
models is appropriate. Calibration of the PORFLOW model is addressed in Section 4.4.4.1.
Ideally, the results of a deterministic Base Case assessment using the PORFLOW model
could be mimicked by a similar run in the GoldSim model. Deterministic results from both
models should be comparable for the various configurations and scenarios developed in the
conceptual configuration model as well. Benchmarking of the two models for a Base Case
scenario (for selected waste tanks and radionuclides) has achieved the degree of agreement
illustrated by the figures within this section. The term “benchmarking” has been chosen,
rather than “calibration”, since this process establishes a point from which comparisons can
be made rather than attempting to ensure that all results for the two models are identical for
all configurations. Only the Base Case configuration was evaluated.

Challenges in achieving the benchmarking comparisons include:

¢ the abstraction from a site conceptual model to different computer modeling
platforms,

e fundamental differences in modeling platforms, and

e differences in model approach (i.e., 2-D and 3-D process model vs a one-dimensional
system model).

The following sections describe the procedure used to benchmark the GoldSim FTF model to
the PORFLOW FTF model. There were two main parts to the benchmarking effort, generic
changes to the models to align them, and the specific changes made to the GoldSim model to
mimic the PORFLOW model.

5.6.2.2  Background

Baseline groundwater modeling is carried out using the PORFLOW modeling software, a
3-D finite difference porous media flow and transport program. For performing a
comprehensive evaluation of uncertainty and sensitivity, the PORFLOW FTF model is not
optimum, since such an analysis requires the execution, integration, and analysis of more
information than can be handled practically using a large process model such as PORFLOW.
The PORFLOW model could be used for analysis of single parameter changes, but is not
designed to model a large number of varying configurations. For this reason, uncertainty and
sensitivity analysis for the FTF PA is performed using the GoldSim systems analysis
software, which is designed to perform probabilistic analysis of abstracted (greatly
simplified) systems. As part of this approach, a benchmarking is required to demonstrate that
the PORFLOW FTF model and the GoldSim FTF model are performing essentially the same
calculations and producing comparable results. This is difficult, since the 3-D complexity of
the PORFLOW model is a challenge to abstract into the much simpler systems-based
modeling used by GoldSim.

5.6.2.3  Initial Benchmarking

Early benchmarking efforts identified some inconsistencies between the models which have
since been addressed. The key effect on the benchmarking was the GoldSim implementation
of the PORFLOW saturated zone apparent bulk density. In the PORFLOW model the bulk

density was adjusted to account for the removal of the clay lens masses. The dry bulk
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density of the sandy soil medium in the GoldSim model was not modeled consistently with
the PORFLOW definition. A large improvement in the comparisons was seen when the
GoldSim value was adjusted to match the PORFLOW value. The precise changes made to
the GoldSim model as a result of the benchmarking process are summarized in more detail
below.

To improve alignment of the water fluxes, the solubility of Pa in the water was changed from
infinite to a very small value (1.0E-12 mol/L). A small but finite value was necessary in
order to account for the manner in which the solubility was treated by PORFLOW. Although
the input value was K,~0mL/g, PORFLOW assumes a linear isotherm for the parent which
leads to an implied solubility limit for the daughter product.

The second GoldSim model modification was performed to improve alignment of
concentrations at Well 6. These adjustments, described below in greater detail, could be
considered calibration steps:

e ClayeySoil was added to the GoldSim saturated zone transport Cells.
o The ratio of model scale to longitudinal dispersivity was modified.

The PORFLOW model includes, in its saturated zone transport pathway, more than just
GoldSim’s simple row of Cells with SandySoil (a solid medium defined in the GoldSim
model). In particular, the porous media in PORFLOW include regions of both sandy and
clayey soil. Since these media have different adsorption characteristics (as expressed in
different soil/water K s), some accounting must be made for the presence of both materials in ‘
the saturated zone transport path. By adding clayey soil, some retardation is added in its
most general sense. The solution was to add some of the medium ClayeySoil to the saturated
zone transport Cells in the GoldSim model, so that the clayey K;s would have some influence
on the transport. The fraction of ClayeySoil (with the remainder being SandySoil) present in
these Cells was used as a calibration parameter. Further, since Tank 17 is only about 100m
from Well 6 (along with other waste tanks in the western half of the tank farm) and Tank 1
and the other eastern waste tanks are about twice that distance, the two sets of tanks were
calibrated separately. An additional ClayeySoil fraction was added for the transfer lines
across FTF with an intermediate value chosen. The GoldSim model tank selector dashboard
shows the specific benchmarking factors added. (Figure 4.4-42)

Dispersivity accounts for the degree to which a contaminant plume spreads as it travels
through a porous medium. In general, a plume will spread longitudinally (parallel to the
direction of flow), laterally (transverse to the direction of flow, in the horizontal plane), and
vertically (perpendicular to the direction of flow). Dispersivity of plumes in the real world
are difficult to characterize and are generally based on detailed mapping of discrete plumes
which is very difficult in the SRS GSA due to the numerous co-located facilities. Another
complicating factor is that numerical approximations to contaminant transport create their
own dispersion through discretization of the modeling domain and mathematical mixing
within discrete cells. This numerical dispersion occurs in the GoldSim one-dimensional
approximation and the PORFLOW 3-D modeling. In the GoldSim model, the longitudinal
migration along a one-dimensional flow path is subject to longitudinal numerical dispersion
between cells, and an instantaneous dispersion of the plume to the cell width and height. .
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Superposed on that concentration is a GoldSim plume function which adds dispersivities to
the calculated result. These additional dispersivities were modified slightly to improve
alignment between the two models. '

In summary, the initial benchmarking showed there was an issue with numerical dispersion
with the GoldSim model. The GoldSim model results showed a faster transport than the
PORFLOW model. The transport time was essentially unaffected by changing the flow
velocity. From this, it was apparent that it must be numerical dispersion. By increasing the
number of mixing cells in GoldSim to more closely match the PORFLOW discretization, the
timing of the arrival of radionuclides was consistent between the two models. This will be
discussed in more detail in the following section.

5.6.2.4  Benchmarking Process

The benchmarking process was accomplished in distinct phases. Each phase requires
comparison of the timing of the radionuclides at the evaluation point (e.g., at the saturated
zone or at the 100m well). Once the timing was deemed reasonable, the concentration
magnitudes at the evaluation point were aligned. Six tanks were used for benchmarking,
Tanks 17, 18, 1, 3, 5, and 34. These tanks were selected based on physical location, a
representation of each of the tank types found in FTF, and because early scoping runs
showed these waste tanks to be significant dose contributors. Table 5.6-1 provides a
summary of the characteristics of each of the selected waste tanks.

Table 5.6-1: Benchmarked Tank Characteﬁstics

Distance to Distance to 100m PORFLOW
Tank Type | Water Table Evaluation Evaluation
(ft) Location (m) Sector

1 1 13.5 224 E
3 I 12.1 244 E
5 1 10.6 264 D
17 1\ 2.5 112 E
18 v 2.1 132 E
34 111 17.1 244 A

The benchmarking was carried out in two phases. The first phase was to benchmark the flux
from the unsaturated zone to the saturated zone. The second phase was to benchmark the
concentrations of radionuclides at the 100m well. The first phase was essentially complete
when the PORFLOW and GoldSim runs were initially made. The two models showed very
similar results with the inputs aligned. The majority of the benchmarking effort was
allocated to aligning the saturated zone results.

It should be noted that the two different implementations of the conceptual model for the
unsaturated zone produced very similar results. The similar results provide added confidence
that the results are an acceptable representation of the ISCM. Using two separate models is a
true benchmarking of the implementation of the ISCM, and verifies the models via
independent calculations showing the same behavior.
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substantially while the uranium peak did not move. The value of the K, for plutonium
changes from 270 ml/g in sand to 5,900 ml/g in clay, uranium varies from 200 ml/g in
sand to 300 ml/g in clay. This showed that it was not a K, effect, rather the numerical
dispersion of the GoldSim model.

Once the numerical dispersion issue was addressed, the peaks of the sorbing radionuclide
fell into reasonable agreement with the PORFLOW peaks using the same velocities as
determined by the Tc-99 comparisons. This is another indication that the ISCM is giving
consistent results when modeled by two independent models.

The peak values were adjusted by applying a benchmarking
factor to the GoldSim plume function. The plume function is
an analytical solution of plume spreading based on several
factors. These factors are based on literature values, not site-specific information. The
benchmarking factor is applied to account for the site-specific data as reflected in the
PORFLOW results.

As before, Tc-99 (the non-sorbing radionuclide), was the first to be benchmarked. After
the benchmarking factor was applied for Tc-99, the other radionuclides were run and no
additional adjustments were necessary. Figure 5.6-2 shows the improved benchmarking
for the Pu-239 decay chain.

> Peak Magnitude
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The “soil only” closure cap configuration (Configuration F), probability is less than
the probability associated with Configurations A through E which utilize the
engineered closure cap because a closure cap will be in place and will provide some
flow retardation. Configuration F reflects the small potential that the closure cap will
not perform as designed. Currently, the presumed CERCLA include a closure cap.
[http://www.access.gpo.gov/uscode/title4d2/chapter103__html]

Type 1V rising aquifer case (Configuration E) probability is higher than other tank
types because the Type IV tanks are closer to the water table.

Type IV fast flow path in the grout case (Configuration C) probability is lower than
other tank types because the Type IV tanks do not have cooling coils.

Type 1V fast flow path in the basemat case (Configuration D) probability is higher
than the grout fast flow path case (Configuration C) probability because the Type IV
tank basemat is relatively thin and has drainage channels which lead to a drain (that is
planned to be grouted) at the center of the tank. If the center drain is improperly
grouted there is a greater chance of a fast flow path developing though the basemat.
Type II/IIIA fast flow path in the basemat case (Configuration D) probability is
lower than for Type I tanks because the Type I tanks are of an older design. It is
assumed that better materials of construction and improved engineering practices for
the new Type IIVIIIA tanks would provide greater confidence in basemat
construction since there is approximately a 20-year difference between the timeframe
the different tank types were built.
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Table 5.6-2: Tank Scenarios
. Closure . . Cementitious Materials Water
Configuration Cap Liner Failure Date Fast flow paths Degradation Table
Lﬁ;[zetzlclililguggzed on Degradation curve based
A Present goe fficient of E-6 None on WSRC-STI-2007- No change
Ca/02) 00607
Later failure (based on
grouted diffusion
B Present coefficient of E-6 None Step change at year 501 No change
Ca/02) \
Early failure (based on irfhazlnnele\:'llltrh nohﬂor\(z)v ¢
C Present grouted diffusion pecance trough STou Step change at year 501 No change
: . (no fast flow path through
coefficient of E-4 Ca)
basemat)
Early failure (based on Channel with no flow
D Present grouted diffusion impedance through grout | Step change at year 501 No change
coefficient of E-4 Ca) and basemat
Early failure (based on
E Present grouted diffusion N/A Step change at year 501 Above CZ
coefficient of E-4 Ca)
. Later failure (based on
F 8?116(2121}’ grouted diffusion None Step change at year 501 No change
: n/‘ ) coefficient of E-6 P gealy &
r Ca/02)
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was factored into the plutonium, technetium, and uranium probabilities. The probabilities
chosen are based on observations in the literature, thermodynamic stability, etc.

5.6.3.4 K, Values

The tank basemats and soil under the FTF in the GoldSim FTF model retard contaminant
transport, with their effectiveness tied to the assigned K, values (which will vary for different
elements). Tables 4.2-29 and 4.2-33 show baseline K, values for all of the elements of
interest at each of the chemical states of interest (e.g., different Reducing/Oxidizing
Regions). Distributions for the K; values used in the FTF GoldSim modeling are based on
the approach described in SRNL-SCS-2007-00011. This report documents lognormal fits of
groundwater distributional parameters for selected elements. The distribution selection is
predicated on whether the applicable K, value is less than or greater than 1,000. The bounds
of the distributions are calculated by dividing the expected value by 3.3 for the lower bound,
and multiplying by 3.3 for the upper bound if the expected K is greater than 1,000 mg/L.
The factor is 1.9 if the expected K, is less than 1,000 mg/L.

5.6.3.5 Basemat Thickness

The basemat thickness in the GoldSim FTF model retards contaminant transport, with its
effectiveness related to the basemat K, values and the basemat thickness. Section 4.4.1
shows the design dimensions used in baseline modeling for the various tank types, including
concrete basemat thickness. Section 3.2.1 provides design details for the various tank types,
including details regarding the concrete basemat designs. The basemat thickness specified
on construction drawings is used as the most likely basemat thickness, with other design
details used to determine a probable maximum and minimum thickness of basemat concrete.
A triangular distribution using these maximum, minimum and the most likely value as the
peak was utilized for basemat thickness in the stochastic analysis. The design details used in
determining the various thicknesses are described below for each tank type.

As described in Section 3.2, Type

»  TypeIV Tank Concrete Floor Thickness [V waste tanks basemat was

specified to be four inches thick

with a tolerance of plus 0.5 inch and minus 0.5 inch. A three inch cement topping was

then poured over the basemat and given a float and trowel finish having a maximum

tolerance of plus or minus 0.125 inch from a true level. Drainage channels, 1.625 inches

deep and approximately 3.5 inches wide (3.625 inches at the top and 3.125 inches at the

bottom, for use in leak detection were formed in the basemat’s three inch deep cement
topping. The drainage channels cover less than six percent of the total foundation area.
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Thickness calculations:

Minimum at channel location thickness - 5 inches (3.75 + 2.875 — 1.625)
Minimum w/o channel — 6.625 inches (3.75 + 2.875)

Median at channel location - 5.375 inches (3 + 4 — 1.625)

Median w/o channel — 7 inches (3 + 4)

Maximum at channel location — 6 inches (4.5 + 3.125 — 1.625)
Maximum w/o channel — 7.625 inches (4.5 + 3.125)

Modeling Values Used:

Inches Basis
Most likely 6.9025 Weighted median (0.06 (5.375) + 0.94 (7))
Minimum 6.5275 Weighted minimum (0.06 (5) + 0.94 (6.625))
Maximum - 7.5275 Weighted minimum (0.06 (6) + 0.94 (7.625))
Mean 6.9858 Based on triangular distribution

As described in Section 3.2, the
»  Type I Tank Concrete Floor Thickness  working slab for a Type I tank is 4
inches thick. @ The working slab
assumed tolerance is plus 0.5 inch and minus 0.5 inch based on requirement Spec 3019
requirement of no visual variance in concrete level. A 1.5 feet thick layer of tank plaster
and membrane waterproofing sits above the working slab. A 30 inch reinforced concrete
base (i.e., the basemat) sits on top of the working slab. The basemat assumed tolerance is ‘
plus 1 inch and minus 1 inch based on requirement Spec 3019 requirement of no visual
variance in concrete level. A 3 inch layer of grout sits on top of the basemat, and the
primary container sits above the grout.

Modeling Values Used:
Inches Basis
Most likely 30 30 inch basemat
Minimum 29 30 inch basemat — 1 inch tolerance on basemat
Maximum 40 4 inch working slab + 0.5 inch tolerance on working slab +

1.5 inch plaster + 30 inch basemat + 1 inch tolerance on
basemat + 3 inch grout layer
Mean 33 Based on triangular distribution

As described in Section 3.2, Type 11

»  Type Il Tank Concrete Floor Thickness tanks have a 4 inch working slab.

The Type III tank basemat, made of

reinforced concrete, has a 3 foot - 6 inch minimum thickness (5 foot - 4 inches at drop

panel at tank center). The concrete finish shall have a tolerance of 0.125 inches per 10

feet per standard Specification SB-10-U. The basemats in Type III tanks do not have
leak detection slots.
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Modeling Values Used:
Inches Basis
Most likely 42 42 inch basemat (ignore drop panel)
Minimum 41.5 42 inch basemat — 0.5 inch tolerance on basemat
Maximum 46.5 4 inch working slab + 42 inch basemat + 0.5 inch
tolerance on basemat (ignore drop panel)
Mean 433 Based on triangular distribution

As described in Section 3.2, Type

>  Type IIIA Tank Concrete Floor Thickness IIIA tanks have a 4 inch working

slab. The Type IITA tank basemat

has a 3 foot - 7 inch minimum thickness (6 feet - 4 inches at drop panel at tank center).

The concrete finish shall have a tolerance of 0.125 inch per 10 feet per standard

Specification SB-10-U. A grid of two inch deep interconnected radial channels is
grooved into the concrete basemat upon which the secondary liner rests.

Modeling Values Used:
Inches Basis

Most likely 41 43 inch basemat — 2 inch drainage channels (ignore drop
panel)

Minimum 40.5 43 inch basemat — 2 inch drainage channels — 0.5 inch
tolerance on basemat

Maximum 45.5 4 inch working slab + 43 inch basemat — 2 inch drainage
channels + 0.5 inch tolerance on basemat (ignore drop
panel) '

Mean 423 Based on triangular distribution

5.6.3.6 Basemat Fast Flow

In order to reflect the possibility that fast flow paths might form in the basemat, a “Bypass
Fraction” was simulated in the GoldSim FTF model. The bypass fraction allowed a
percentage of the basemat to have no retardation (K; = 0 for all elements). The bypass
fraction was represented by a triangular distribution based on engineering judgment, with 0%
being set as the most likely value and the upper bound set at 10%. This judgment is based on
the fact that cracking in the basemat might possibly lead to some void spaces forming all the
way through the basemat, but it was judged much more likely that the cracking would tend to
be self-sealing and would not create full channels. Assuming a full 10% of the basemat was
replaced by a void space that had no retardation effect was conservative.

5.6.3.7 Tank and Ancillary Equipment Containment Failure Dates

The containment failure dates in the GoldSim FTF model control initial contaminant release
from the associated location (tank or ancillary equipment) and to limit the number of pore
volume passing through the tank grout (by restricting flow though the tank grout). Table 4.2-
35 shows the deterministic (i.e., single value) and probabilistic (i.e., distribution) values that
are used to determine liner failure during modeling. The results corresponding to the
reasonably bounding diffusion rates (1.0E-6 cm2/sec) were utilized for the modeling cases

‘where there were no fast flow paths through the cementitious materials (Configurations A, B
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and F). The results corresponding to the maximum evaluated diffusion rates (1.0E-4
cm2/sec) were utilized for fast flow case modeling (Configurations C and D) and for the
rising aquifer modeling case (Configuration E), where the loss of reducing capability for the
cementitious materials might be expected to occur sooner. The waste tank liner failure
distributions used for the various tank types and cases are taken directly from the
probabilistic analysis presented in WSRC-STI-2007-00061.

Each piece of ancillary equipment (with the transfer lines being treated as a collective
inventory) is assumed in the model to fail independently, with the failure time occurring
between the time of first pit penetration (116 years) and 100% pitting penetration
(approximately 1,000 years). The most probable time of ancillary equipment failure in the
probabilistic FTF analysis was assumed to be the time of 25% pitting penetration (510 years).
A triangular distribution using these maximum and minimum and the most likely value as the
peak was utilized for ancillary equipment containment failure in the stochastic analysis.
More details concerning ancillary equipment containment failure are described in Section
4.2.3.2 and WSRC-STI-2007-00460.

The diffusion rates utilized for all cases are considered bounding (i.e., faster than are
typically reported.

5.6.3.8 Transition Times between Chemical States

The “Transition Times between Chemical States” in the GoldSim FTF model determine how
many pore water volumes are required to pass through the waste tank before the grout
transitions to a different tank chemistry. As part of the waste release modeling (discussed in
detail in Section 4.2.2), the estimated transition times between various chemical phases was
calculated for the waste tank pore water. The waste tank pore water chemistry was
calculated to change from Region II Reducing conditions to Region II Oxidizing conditions
after 371 pore volumes pass through the reducing grout. The change from Region II
conditions to Region III conditions was calculated to occur after 2,063 pore volumes (Table
4.2-1). [ISSN 1019-0643, WSRC-STI-2007-00544] A triangular distribution using these
calculated values (which are used as the most likely values in the baseline) as a peak is
utilized in the stochastic analysis for analyzing the “Transition Times between Chemical
States”. The maximum and minimum values chosen for the distribution for the first
transition were “482” and “260”. The maximum and minimum values chosen for distribution
of the second transition were “3,095” and “1,032”. The 30% and 50% variation provided by
these values was judged reasonable to provide a distribution that showed the effects of
uncertainty without overwhelming the sensitivity analysis.

5.6.3.9 FTF Lower Vadose Zone Thickness

The lower vadose zone in the GoldSim FTF model retards contaminant transport, with its
effectiveness related to the soil K, values and the vadose zone thickness. Table 4.2-23 shows
the values used in the baseline analysis for thickness of the lower vadose zone beneath each
of the waste tanks. A minimum and maximum variation from this most likely thickness was
developed based on WSRC-TR-2005-00131, which concluded that the maximum water table
elevation rise at the Saltstone Disposal Facility (SDF) would be 12 feet, and the fact that the
closure cap over the entire FTF will tend to cause a localized water table drop during the life
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of the closure cap. A triangular distribution using these maximum, minimum and the most
likely value as the peak was utilized for ancillary equipment containment failure in the
stochastic analysis. The FTF lower vadose zone thickness distribution values are presented
in Table 5.6-5.

Table 5.6-5: FTF Lower Vadose Zone Thickness Distribution

Most Likely Lower | Minimum Lower Maximum
Tank Tank Vadose Zone Vadose Zone Lower Vadose
Type | Number Thickness; feet Thickness; feet | Zone Thickness;
(Base Case) (a) feet
1 13.5 1.5 25.5
2 13.1 1.1 25.1
3 12.1 0.1 24.1
I 4 11.7 0.1 23.7
S 10.6 ' 0.1 22.6
6 10.2 0.1 22.2
7 9.4 0.1 21.4
8 9 0.1 ' 21
17 2.5 0.1 14.5
18 2.1 0.1 : 14.1
v 19 1.7 0.1 13.7
20 1.2 0.1 13.2
I 33 17.4 54 29.4
34 17.1 5.1 ' 29.1
25 18.1 6.1 30.1
26 19.5 7.5 31.5
27 19.6 7.6 31.6
28 18.4 6.4 30.4
TIA 44 18.3 6.3 30.3
45 19.8 7.8 31.8
46 19.9 7.9 31.9
47 18.5 6.5 39.5

(a) a minimum thickness of soil was used for modeling purposes.
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5.6.3.10 Well Depth

As discussed in the exposure pathways section of this PA (Section 4.2.4), well water may be
used as a primary potable water source for a future residence near the well (e.g., drinking
water, showering) and may be used by the resident as a primary water source for agriculture
(e.g., irrigation, livestock water). The hypothetical impacts to the receptor can be highly
dependent on which aquifer the water is drawn from. SRS-REG-2007-00029 examines
available on-site and off-site well drilling data, as well as information from regional
commercial well drillers to determine probabilities associated with a future resident using a
particular aquifer.

Based on the information obtained, SRS-REG-2007-00029 concludes that a well drilled by a
professional driller would have a high probability of being located in the Gordon aquifer or
deeper. There is a possibility that the MOP receptor would choose to drill his own well and
would only drill down as far as necessary to meet some short term minimum flow need (e.g.,
10 gpm from the UTR-UZ), however this probability is considered reasonably small.
Combining the percentages of the wells drilled in each depth range both onsite and offsite, it
is reasonable to apply the probabilities in Table 5.6-6 when estimating well depths for well
drilling scenarios within the GSA.

Table 5.6-6: Probability of Well Driller Exposure from Each Aquifer

13%
UTR-LZ (109-170 feet) 44%
Gordon Aquifer (170 feet and lower) 43%

The GoldSim FTF model corresponds to a single aquifer (UTR-UZ) and was benchmarked
with the PORFLOW FTF model accordingly. To simulate the probability that a potential
well driller (MOP or intruder) might drill into a lower aquifer (UTR-LZ or the Gordon
Aquifer), the well depth probabilities in Table 5.6-6 were used as a stochastic in the GoldSim
FTF model. To reflect that a well at a different drill depth might have contaminant
concentrations different than the single aquifer (UTR-UZ) represented by the GoldSim FTF
model, Table 5.6-6 provides the relationships between the contaminant concentrations in the
three aquifers of interest. The percentages in Table 5.6-7 are based on a comparison of the
100m peak nitrogen concentrations in the three aquifer zones (from the PORFLOW FTF
model). The UTR-UZ and UTR-LZ concentrations are similar because the aquitard that
separates them (the “tan clay” layer) is a relatively ineffective flow barrier. In contrast, the
aquitard that separates the Gordon Aquifer (the “green clay” layer) is very effective and there
is very little downward flow into the Gordon Aquifer relatively to lateral flow along the
UTR-LZ aquifer. The calculations showing that the assumed aquifer ratios (i.e., 100/100/5)
are reasonably conservative are based on PORFLOW peak 100m concentrations at the
various aquifers (Appendix F.2).
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Table 5.6-7: Contaminant Transfer Ratios between Aquifers

Contaminant
Aquifer Concentration % in Calculation used for Basis
Relation to UTR-UZ
UTR-UZ 100% Not Applicable
Peak Concentration UTR-LZ/ Peak
- (¢)
UTR-LZ 100% Concentration UTR-UZ
. Peak Concentration Gordon Aquifer/
(1)
Gordon Aquifer 5% Peak Concentration UTR-UZ

5.6.3.11 Bioaccumulation Factors and Human Health Exposure Parameters

The Bioaccumulation Factors (Section 4.6.1) and Human Health Exposure (Section 4.6.2)
parameters have various functions in the GoldSim FTF model, but they all assist in some way

in calculating doses for the exposure pathways.

The baseline values and stochastic

distributions used for various Bioaccumulation Factors and Human Health Exposure
parameters are provided in Tables 5.6-8 through 5.6-10. For the transfer factors in Tables
4.6-1 through 4.6-4, only the most likely value was used in the stochastic analysis (no
distributions were created for these values).

Table 5.6-8: Crop Exposure Time and Productivity Stochastics

Parameter Baseline | Minimum | Maximum Dls%lsl:;tmn
Pasture exposure time to irrigation 30 days 30 days 90 days Normal
Vegetable crop exposure times to

irrigation(days)" 70 days 60 days 90 days Normal
Soil exposure time period to irrigation .
(Buildup time in soil) 183 days 60 days 365 days Triangular
Vegetable Crop Yield Productivity 0.7 kg/m* | 0.2 kg/m’ 4 kg/m’ Normal
MOP Fraction of Vegetables Produced 0173 0 05 Triangular
Locally .
MOP Fraction of Meat Produced Locally 0.306 0 1 Triangular
MOP Fraction of Milk Produced Locally 0.207 0 1 Triangular
Intruder Fraction of Vegetables Produced 0.308 0 05 Triangular
Locally

Intruder Fraction of Meat Produced Locally 0.319 0 1 Triangular
Intruder Fraction of Milk Produced Locally 0.254 0 1 Triangular

)

average growing time for above ground vegetables.
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Table 5.6-9: Pathway Physical Parameter Stochastics

Parameter Baseline Minimum Maximum Distribution
Used
Areal Density of Soil 240 kg/m2 180 kg/m2 270 kg/m2 Normal
Atmospheric Mass .
Loading of Soil 1.0E-07 kg/m3 1.0E-09 kg/m3 | 3.0E-07 kg/m3 Triangular
Depth of Garden 15 cm 15cm 61 cm Triangular
Garden Irrigation Rate 3.6 L/d/m2 2.08 L/d/m2 5.5 L/d/m2 Triangular
Fraction of Year Garden .
Trrigated 0.2 0.2 0.25 Triangular
Crop Weathering 0.0495 L/d 0.03 L/d 0.0495 L/d Triangular
Constant
Fractional Retention of .
Deposition on Leaves 0.25 0.2 0.25 Triangular
Garden Size 100 m2 100 m2 1000 m2 Triangular
Annual Breathing Rate 5,548 m3/yr 1,267 m3/yr 11,600 m3/yr Normal
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Table 5.6-10: Consumption Rate, Pathway Exposure Time and Transport Stochastics

Consumption Rate Parameters Baseline Minimum Maximum DIStSsbe‘(;twn
Annual Soil Consumption 0.0365 kg/yr | 0.0008 kg/yr 0.05 kg/yr Triangular
Annual Leafy Veggie
Consumption 21 kg/yr 18 kg/yr 43 kg/yr Lognormal
Annual Other Veggie
Consumption 163 kg/yr 90 kg/yr 276 kgfyr Lognormal
Annual Beef Consumption 43 kg/yr 26 kg/yr 81 kg/yr Lognormal
Annual Finfish Food Consumption 9 kg/yr 2.2kg/yr 19 kg/yr Triangular
Annual Milk Consumption 120 L/yr 73.7 Liyr 230 L/yr Lognormal
Water Consumption Rate 337 L/yr 184 L/yr 733 /ﬁglr) (2 Triangular
Fodder Beef Cow Consumption 36 kg/day 27 kg/day 50 kg/day Lognormal
Fodder Milk Cow Consumption 52 kg/day 36 kg/day 55 kg/day Lognormal
Fraction of Beef Cow intake from 075 0.5 1 Triangular
pasture
Fraction of Milk Cow intake from 0.56 05 1 Triangular
pasture
Water Beef Cow Consumption 28 L/day 28 L/day 50 L/day Triangular
Water Milk Cow Consumption 50 L/day 50 L/day 60 L/day Triangular

Exposure Time Parameters
Shoreline Exposure Time 23 hr/yr 11 hr/yr 35 hr/yr Triangular
Swimming Exposure Time 8.9 hr/yr 8.9 hr/yr 13 hr/yr Triangular
Boating Exposure Time 21 hr/yr 9.1 hr/yr 21 hr/yr Triangular
Showering Exposure Time 10 min/day | 10 min/day 30 min/day Triangular
Fraction of Year In Garden 0.01 /yr 0.01 /yr 0.08 /yr Triangular
Fraction of Year In Home 0.7 /yr 0.3 /yr 0.7 /yr Triangular
Fraction of Year Cattle In Pasture 1 /yr 1/yr 1 /yr Normal

Transport
Vegetable Transport Time 6 days 6 days 14 days Normal
Feed-Milk-Man Transport Time 3 days 1 days 4 days Lognormal
Time from Slaughter to 6 days 6 days 20 days Lognormal

Consumption
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Where available, site-specific distribution information, obtained from WSRC-STI-2007-
00004 was used in determing the stochastic range to be evaluated. Where no specific
guidance was available, a triangular distribution using maximum, minimum and most-likely
values from WSRC-STI-2007-00004 is utilized in the stochastic analysis. The most likely
value is the recommended value from WSRC-STI-2007-00004, and is used as the
distribution peak. For cases where site-specific distribution data was not available, it was
judged reasonable to use the maximum and minimum values from WSRC-STI-2007-00004.
Although they may not be site-specific and have not been weighted for the purpose of the
stochastic analysis, they provide a wide range of possible outcomes and are therefore better
able to identify parameters of potential concern.

Additional background information regarding a few parameters of interest are provided
below.

Ingestion of water is a key usage factor for the all-

>  Drinking Water Ingestion pathway and inadvertent intruder analyses. The

rate of contaminated water consumption can vary

by exposure scenario based on assumed access to the water supply. For the inadvertent

intruder where the contaminated water is expected to come from a well an assumption

can be made that water from the well is only used for cooking. Likewise, for the all-

pathway analyses the assumption could be made that total water intake comes from the

community water supply. However, in the absence of site and/or regional specific
surveys, national estimates are appropriate.

The RESRAD 511 L/yr (1.4 L/day) average water ingestion rate updated for use in the
all-pathway analysis is based on EPA surveys published in the early 1990s. [ANL-EAD-
4] The 730 L/yr (2 L/day) water ingestion rates for the inadvertent intruder are taken
from Site-Specific Parameter Values for the Nuclear Regulatory Commission’s Food
Pathway Dose Model (ISSN 0017-9078 - Volume 62), and are based on 10 CFR 50,
Appendix I rates for the MEL. The average rate for ingestion of drinking water listed in
those sources is 370 L/yr (1 L/day). These publications consider indirect ingestion of
water but do not consider whether or not the water is bottled or comes from a community
or commercial source.

EPA drinking water survey, estimates per capita ingestion of water using data from the
combined 1994, 1995, 1996, and 1998 Continuing Survey of Food Intakes by Individuals
(CSFII), conducted by the USDA. This publication considers indirect ingestion of water
from food with water added at the final phase of food preparation and reports water
consumption from community water, bottled water, water from other sources, missing
source, and total water. Summary data found in the Executive Summary of EPA-822-R-
00-001 (pages vii-viii) provide a 337 L/yr water ingestion rate.
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According to EPA, direct water is plain water ingested directly as a beverage and indirect
water is water added to foods and beverages during final preparation at home, or by food
service establishments such as school cafeterias and restaurants. An example of indirect
water is water added to dry cake mix. Community water is tap water from the
community water supply; bottled water is purchased plain water; other water is water
obtained from a well or rain cistern (household’s), spring (household’s or public), or
other source; and preparation water is water used to prepare foods and includes the water
used to prepare foods at home and by local food service establishments (indirect water),
as well as, water added by commercial food manufacturers. Missing water source
indicates that a survey participant responded “don’t know” or “not ascertained” to the
survey question regarding the source of water and total water is the sum of direct and
indirect water from all sources which includes community water, bottled water, other
water and missing sources. [EPA-822-R-00-001]

The EPA drinking water survey reports the mean per capita total water ingestion is 1,233
mL/person/d (450 L/yr) when viewed across genders and all age categories with 75%
from community water, 13% from bottled water, 10% from other sources (well, spring
and cistern, etc.), and 2% from non identified sources. This yields a mean of 924
mL/person/d (337 L/yr) from community water and 12.3 mL/person/d (4.5 L/yr) from
other sources (well water). [EPA-822-R-00-001]

A value of 337 L/yr is used as the nominal water ingestion rate for all MOP and
inadvertent intruder pathway analysis. In the stochastic analyses of this parameter, the
water ingestion rate range was assumed to be as high as 730 L/yr (2 L/d), which, as
discussed above, is a maximum evaluation point provided by the NRC. [10 CFR 50,
Reg. Guide 1.109] The lower range of the water ingestion rate range was set at 184 L/yr,
the minimum recommended water ingestion rate is cut in half (e.g., water or other liquids
from a clean source are used instead of drinking water from a contaminated source). A
triangular distribution is used in the stochastic analysis which causes the mean value for
this parameter to rise well above the most likely value (417 L/yr vs. 337 L/yr).

A survey of local practices (WSRC-RP-91-17) surveyed 21
» CropYields county extension agents in Georgia and South Carolina to
estimate the average mass, in kg, of vegetation harvested in a
typical square meter of garden or farmland within a 50 mile radius of SRS. Crop yields
in kg/m2 were estimated for leafy vegetation (cabbage, lettuce and spinach) and other
aboveground vegetables (broccoli, cauliflower, green peas, lima beans, and sweet corn).
Average agricultural, garden, and pasture grass productivity for farms in the 50 mile
region is estimated to be 0.7 kg/m2, 0.2 kg/m2 and 1.8 kg/m2, respectively. Because the
garden productivity was estimated to be an order of magnitude lower than 10 cfr 50, Reg.
Guide 1.109 default, WSRC-RP-91-17 assumed the garden productivity is to be equal to
agricultural productivity. This report recommends use of the site-specific value of 0.7
kg/m2 as the expected value for garden productivity, and the 0.2 kg/m2 should be
considered in the uncertainty range.
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The current assumption of the

»  Fraction of Foodstuff Intake from Garden fractions of vegetables, milk,

and meat intake that is from a

local garden were based on 10 CFR 50, Guide 1.109, professional judgment, and

Data Collection Handbook To Support Modeling Impacts Of Radioactive Material In

Soil, considers the 0.5 fraction of vegetable intake to be a maximum value. Table 13-

71 of EPA-600-P-95-002 provides regional values for vegetables, milk, and meat

intake fractions and scenario specific values. This report recommends use of the

values provided in this publication for households with gardens who raise animals for
an all-pathways analysis and those for households who farm for an intruder analysis.

The garden size of 100m2 for a family of four is assumed in
= Garden Size SRS PAs, and is based on site specific evaluation of
' consumption needs and annual productivity. It is assumed
that a well would not be drilled for a single individual but rather for a household that
includes at least two adults. As discussed in Section 4.6.2, SRS report, WSRC-RP-
91-17 estimated that a person within a 50 mile radius of SRS consumes 184 kg of
vegetables annually. The crop yields discussion above discusses the average garden
vegetable yield of 0.2 kg/m?2, but recommends the use of the agricultural 0.7 kg/m2,
as reported in WSRC-RP-91-17. A garden size of 260m2 would be required to
support the annual consumption of 184 kg of vegetables for a household with two
adults assuming all vegetables consumed by the adults are from their garden.
Assuming that only 17% of a person’s vegetables are from their home garden (EPA-
600-P-95-002), roughly 100m2 would be required to feed a family of four. This
report recommends use of the 100m2 garden size for vegetables only. However, this
area is not large enough to graze livestock. ANL-EAIS-8 states that an area of 1
hectare (10,000m2) is required to graze a single milk cow. A triangular distribution
using the 1,000m2 as a maximum, 100m2 as a minimum, and the most likely value
(100m2) as the peak was utilized for garden size in the stochastic analysis.

For soil exposure time period to irrigation
»  Soil Exposure Time Period (buildup) SRS report, WSRC-STI-2006-00123

recommends 40 years to indicate the life time of
a facility releasing radionuclide and 0.5 of a MEI lifetime assuming the MEI is exposed
at that location for their lifetime. For the intruder and MOP scenario, it is assumed that
the irrigation and harvesting of vegetables occur during the first year of residence,
yielding the 183 day updated value.

For the inadvertent intruder, vegetable, milk and beef
»  Foodstuff Consumption consumption rates are taken from ISSN 0017-9078 -

Volume 62. These values are based on county
specific statistics provided by the counties within the states of South Carolina and
Georgia that fall within a 50 mile radius of SRS. This report recommends continued use
of WSRC-RP-91-17 as a reference for these values as they are based on a site-specific
evaluation. However, this report recommends use of average values for PAs where the
MEI values are currently used in some cases. Triangular distributions using values from
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applicable literature as maximum and minimum values, and the most likely value as the
peak was utilized for consumption rates in the stochastic analysis.

5.6.3.12 Saturated Zone Flow Modeling Parameters

As discussed in Section 4.4.2.1, the GoldSim FTF modeling domain begins at the top of the
waste layer and extends to a hypothetical groundwater well located 100m from the FTF
boundary. The flow profiles used in the GoldSim model to represent flow through the waste
are extracted from the PORFLOW model, which allows for changes in the closure cap, tank
top and tank grout. The model is one-dimensional with downward flow represented in the
unsaturated zone and predominantly horizontal flow in the saturated zone. The unsaturated
zone is represented as a column underlying each particular initial inventory location (i.e.,
tank, evaporator, etc.).

The water flow boundary condition for the saturated zone bulk flow is also provided by the
PORFLOW model. Saturated zone modeling Base Case values were refined in the GoldSim
model during the benchmarking effort to align the GoldSim model results with the
PORFLOW model results, as explained in the GoldSim benchmarking discussion (Section
5.6.2). Two modeling parameters of particular importance are the Saturated Zone Thickness
and the Saturated Zone Darcy Velocity, additional information for each of these parameters
is provided below.

In the GoldSim model, water leaving the
. > Saturated Zone Thickness unsaturated zone enters the saturated zone (i.e.,
the aquifer) as recharge, and this infiltrating
water is mixed into the volume of aquifer water. The volume is determined by the flow
rate and mixing volume (flow face area times flow velocity time) in the aquifer. The
aquifer thickness is important to the model because the volume of water directly affects
the concentration. The thickness of the aquifer is defined in the GoldSim model as
SatThickness, and is assigned a Base Case value of 5m. For the stochastic modeling, the
Base Case “most likely” value of 5Sm was assumed as the minimum aquifer thickness and
20m was selected as a reasonably bounding maximum thickness. A uniform distribution
using these maximum and minimum values was utilized to determine the distribution
range.

In the GoldSim FTF model, the saturated

»  Saturated Zone Darcy Velocity zone Darcy Velocity is the primary

reference for the velocity of water flowing

in the aquifer. The Darcy Velocity is important to the model because it directly affects

the concentration. The thickness of the aquifer is defined in the GoldSim FTF model as

SatThickness and is assigned a Base Case value of 5Sm. The waste tank dependent Base

Case values used in the model are either 25 ft/yr or 30 ft/yr. For the stochastic modeling,

a normal distribution was utilized to determine the distribution range, with the Base Case
value set as the distribution mean and 0.5 ft/yr as the standard deviation.
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5.64 Uncertainty/Sensitivity Analysis using the FTF Probablistic Model

A special model was developed for performing the uncertainty and sensitivity analyses of the
FTF PA calculations using the GoldSim systems analysis software. The model is not
intended to predict future potential doses, rather the goal is to characterize the context of
uncertainty and sensitivity surrounding the PA calculations.

The uncertainty analysis is concerned with how the uncertainty in model input parameters is
propagated through the model to the selected model results, or endpoints. These model
endpoints are potential radiological doses to hypothetical human receptors and aqueous
concentrations of specific contaminants.

In contrast, the sensitivity analysis, discussed in section 5.6.6, is focused on determining
which of the many input parameters (called explanatory variables, in statistical parlance) are
most responsible for determining the endpoints.

The probabilistic results of the GoldSim model are used to characterize the uncertainty
manifested in the model input distributions. Some of these distributions are parameter
values, such as material properties or water flow rates. Others are more oriented toward
model uncertainty, such as the stochastic that selects which waste tank failure configuration
to choose for a given realization. Together, the distributions, defined as Stochastic elements
in GoldSim, are intended to capture the overall uncertainty in the model. Thes probabilistic
model uncertainty analysis is not intended to quantify conceptual model uncertainty.
Identification of conceptual model areas of importance is primarily accomplished throught
the combined sensitivity analyses (both stochastic and single parameter sensitivities). The
sensitivity analyses highlight the portions of the conceptual model that most impact the
model results (e.g., aquifer thickness, soil thickness, basemat thickness).

The FTF sensitivity/uncertainty analysis is based on inputs and results for the GoldSim FTF
model with the file name “FTF v1.1 r1000.gsm”. This model run contains the results of
1,000-realizations of the FTF model, version 1.1. The Monte Carlo analysis sampled the
input distributions with Latin Hypercube Sampling and with a seed value of one.

The most direct way to communicate the uncertain nature of the model results is to show
graphs of certain key model endpoints. Statistics for maximum values for doses and MCLs
are summarized in Tables 5.6-11 and 5.6-12. Table 5.6-11 is based on the 5,000-realization
sensitivity run, configured to provide as much data as possible for the sensitivity analysis, yet
without recording time histories. Table 5.6-12 is based on the 1,000-realization uncertainty
run, and is shorter than the sensitivity runs due to the additional data storage necessary for
recording time histories. The difference in the statistical results is due to the number of
realizations run. These results are quite similar, indicating that the 1,000-realization run is
sufficient for uncertainty analysis.
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The values in the tables focus on two wells. Well 6 typically has the highest concentrations
of those wells that tap into groundwater bound for UTR. Well 33 typically has the highest
concentrations of those wells that tap into groundwater destined for Fourmile Branch. The
values in the table focus on maximum doses (and concentrations) at these wells. The values
in the tables show the statistics (mean, median, and 95" percentile) on the maximum. This is
not the same thing as the statistical time histories shown in the subsequent graphs, which
summarize the dose values at each time step. Since the primary goal is the reasonable
assurance that the maximum dose is within the performance objective, it is necessary to
examine the statistics surrounding the 1,000 (or 5,000) maximum doses that are calculated.
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Table 5.6-11: Summary Statistics from 5,000 Realizations for Selected FTF Endpoints

Maximum MOP dose at Well 6 within 10,000 years (mrem/yr) 8.9 2.7 35
Maximum MOP dose at Well 33 within 10,000 years (mrem/yr) 52 1.2 20
Maximum concentration Pu-239 at Well 6 within 50,000 years (pCi/L) 170 37 : 960
Maximum concentration Np-237 at Well 6 within 50,000 years (pCi/L) 5.5 1.6 31
Maximum concentration Ra-226 at Well 6 within 50,000 years (pCi/L) 22 0.69 9.7
Maximum concentration Tc-99 at Well 6 within 50,000 years (pCi/L) 2,000 660 9500

(from GoldSim model file FTF vi1.1 SA4 r5000.gsm)
Table 5.6-12: Summary Statistics from 1,000 Realizations for Selected FTF Endpoints

Maximum MOP dose at Well 6 within 10,000 years (mrem/yr) 9.0 2.7 37
Maximum MOP dose at Well 33 within 10,000 years (mrem/yr) 5.6 1.2 22
Maximum conc. Pu-239 at Well 6 within 50,000 years (pCi/L) 170 35 940
Maximum conc. Np-237 at Well 6 within 50,000 years (pCi/L) 5.6 1.5 31
Maximum conc. Ra-226 at Well 6 within 50,000 years (pCi/L) 23 0.67 9.8
Maximum conc. Tc-99 at Well 6 within 50,000 years (pCi/L) 2,000 660 9,200

(from GoldSim model file FTF vi.1 r1000.gsm)
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Figure 5.6-20 shows the uncertainty in the dose to the MOP, using the maximum
concentrations of all the wells at a given time, within 10,000 years, based on 1,000-
realizations. Figure 5.6-21 shows the same information, but for the time period following the
evaluation period (10,000 to 50,000 years). It should be noted that 5™ and 95™ percentiles are
one or two orders of magnitude below and above the median value. The mean value is also
driven higher, more-or-less to the 75" percentile, by the input distributions. This indicates
that the model has input distributions with long tails (as in the lognormal distributions in K)
or exhibit other extreme skewness, like those triangular distributions that have one end as the
most likely value. Such values can inflate the variance of the endpoint, which in turn, can
cause difficulties for the sensitivity analysis, as discussed below. This makes it more
difficult to investigate the statistical structure of the model, and the problem is exacerbated
by the number of parameters in the model. The chances of getting spurious results,
especially when input distributions have extreme variability, are increased with the number
of wide distributions. Many distributions have been redefined since the initial GoldSim FTF
model was created to relieve some of the variability.

In addition to the skewed distributions, there are are some uncertainty issues associated with
model structure. For example, the saturated thickness of the aquifer (SatThickness) is
sampled independently for each waste tank, from a uniform distribution (5 to 20m). This
modeling simplification is somewhat aphysical, since for a given realization thickness of the
regional aquifer for each waste tank is expected to vary in a dependant manner with the
aquifer height affecting all waste tanks simultaneously.

It is important to note that the tables above and the graphs below do not present the same
information. The tables show the statistics of the maximum doses achieved in the 10,000
years and 50,000 year time frames. These are means (and medians and 95" percentiles) of
the maximum values in dose, no matter when that dose was achieved within the time frame.
Each realization produces a single maximum dose value at Well 6, for example. The mean of
these maxima is the mean of the maximum dose values averaged over all the realizations, and
does not reflect the variability of the dose values at different time steps, only the maximum
doses in the period evaluated.

The graphs show statistical summaries by time step of the dose based on the well of highest
concentration at each time step. The maximum value of the mean dose within the period of
performance occurs at year 10,000, with a value of about 7.2 mrem/yr. The maximum mean
dose within 50,000 years is about 130 mrem/yr, occurring with a broad peak between year
21,000 and 25,000.

The tables and graphs are not comparable since the tables are examining the maximum
values at particular wells, and the graphs display the statistics of time histories of doses (not
just their maximum values) across all wells.
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5.6.6.2  Model Fitting and Validation

This section presents detailed discussion of the statistical methods used in the sensitivity
analysis. Global sensitivity is estimated here as the proportion of the variance of the
response accounted for by each explanatory variable. This estimation is conducted by fitting
GBM model predictions to realizations from the GoldSim model. Variance decomposition of
the fitted GBM model is then used to estimate SIs. Under this decomposition approach, the
goal is identify the most influential explanatory variables that are identified within a model.
The necessary degree of model complexity is assessed using validation metrics based on
comparison of model predictions with randomly selected subsets of the data. This approach
uses the “deviance” of the model as a measure of goodness of fit. The concept of deviance is
fundamental to classical statistical hypothesis tests (e.g., the common t-test can be derived
using a deviance-based framework) and guides the model selection process applied here.

The GBM model fitting approach is based on finding the values of each explanatory variable
that result in the greatest difference in means for the corresponding subsets of the response.
For example, if there were only a single explanatory variable, the GBM would identify the
value of the explanatory variable that corresponds to a split of the response into two parts
such that no other split would result in corresponding groups of the response variable with a
greater difference in means. When multiple explanatory variables are present, these multiple
splits are referred to as “trees” and each tree results in an estimate (e.g., prediction) of the
response. As multiple potential trees are evaluated, they are compared to the observed data
using a loss function. The selection of the loss function is an influential aspect of the GBM
process and depends on the distribution of the response variable. For data that are
sufficiently skewed (e.g., non-normal), the absolute error loss function tends to produce more
reliable results.

There is a trade-off that exists when considering which loss function to use. The squared-
error loss function tends to result in better fitting models but can do so at the expense of
introducing spurious variables into the model selection process when the response
distribution is sufficiently skewed. The absolute error loss function tends to produce model
predictions with more variability but is less likely to result in the selection of spurious
variables into the model. For this application, the focus has been on using a deviance-based
method to obtain models that identify the most important explanatory variables with respect
to the observed variability in the response. To this end, the squared-error function was used
in these applications.

Once a GBM model is constructed, each of the explanatory variables that exist in the model
can be assigned an SI. The SI is obtained through variance decomposition and can be
interpreted as the percentage of variability explained in the model by a given explanatory
variable. The sum of the SIs across the entire set of explanatory variables in the model will
approximately equal the R? of the linear regression of the GoldSim output versus the GBM
predictions. The R? values for this version of the FTF model are quite low, indicating the
high degree of difficulty encountered in getting the GBM to fit the GoldSim model.
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In order to assess the relationship between an individual explanatory variable and the
response of interest, partial dependence plots are used (these are presented below for each
endpoint of interest). A partial dependence plot shows the distribution of the explanatory
variable (shaded green), and the partial dependence curve (blue line) shows changes in the
response as a function of the explanatory variable. The partial dependence is obtained
through the integration across the joint density to obtain a marginal distribution. The
integration is performed using a “weighted tree traversal” measure that is analogous to more
common integration procedures performed with Riemann or Lebesgue measures. The
vertical axis of the partial dependence plot shows the change in the response variable as a
function of the changes in the explanatory variable of interest. With standard linear
regression techniques, it is assumed that the relationship between the response and the
explanatory variable is a constant (e.g., the parameter estimates in the linear model). With
the GBM approach, this relationship is not constrained by assumptions of linearity and the
partial dependence plots show the data-based estimate of the relationship between the
response and the explanatory variable. This is especially useful for understanding the
influence of changes in a single explanatory variable on the response, when integrating
across all other explanatory variables.

5.6.6.3  Summary Statistics for Endpoints

The GoldSim model that was run for this sensitivity analysis has the file name “FTF v1.1 SA

r5000.gsm”. This model utilizes v1.1 of the model, set for 5000-realizations, with Latin

Hypercube Sampling enabled and a seed value of one. The exporting of results follows the ‘
simple procedure outlined in the model, in the SensitivityAnalysis container, wherein the

tabulated raw data contents of the element Endpoints SA are exported to the file “FTF v1.1

SA 15000.gsd” (note the different extension, .gsd, for “GoldSim data”) a 46 MB tab-

delimited text file.

For each endpoint, as shown in Table 5.6-13, the four most significant parameters identified
by the sensitivity analysis are presented, along with the SI for each. Relatively simple
models characteristically have only a few dominant parameters, so each parameter
contributes to a larger fraction of the variation in the model. For simple models, single
parameters can typically impact 40% or more of the model, and occasionally 80% for some
endpoints. The SI values displayed in the FTF sensivitity analysis are lower, meaning the
influences are spread out over more parameters. These lower SI values are due to the FTF
model being inherently complex, with sudden releases of large quantities of radionuclides at
different times. The FTF model has multiple parameters that have the potential to greatly
influence radionuclide release (e.g., liner failure date, solubility transition time, key
radionuclide solubility values, key radionuclide K, values) such that system behavior can be
erratic. The SI values for the FTF model are generally lower than would be expected for a
less complex model. These lower values are due in part to the distributions used to bound
parameters for which a wide range of values are being evaluated. The lower SI values are
also due to the FTF chaotic system behavior. While the sensitivity analysis SI values may be
improved if the parametric distributions were revised to evaluate a smaller range of
outcomes, it i1s not possible to eliminate the chaotic system behavior fundamental to the

complex FTF model. - .
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Following Table 5.6-13 is a series of figures (Figures 5.6-23 through 5.6-38), showing the
partial dependence of each of the top four SI for each endpoint.

Table 5.6-13: Identification of the Most Sensitive Parameters for the Endpoints of Interest

Endpoint SI Rank | Input Parameter Sensitivity
Index
1 Saturated thickness of the aquifer 7.3
Max. MOP dose at any 3 Sandv soil K, for P 55
well within 10,000 aneysor faToT M i
years 3 Tank 34 failure configuration selector 37
Unsaturated zone (UZ) thickness beneath
4 . 3.1
the Transfer Lines
1 Saturated thickn i 10
Max. MOP dose at any aturated thickness of the aquifer
well within 50,000 2 Clayey soil K, for Pu 8.9
years 3 Aquifer Darcy velocity for Tank 46 2.2
4 Sandy soil K, for Pu 1.3
1 il K f
Max. MOP dose at Sandy soil Ky for Pu i
Well 6 within 10,000 2 UZ thickness beneath the Transfer Lines 6.8
years 3 Saturated thickness of the aquifer 6.4
4 Clayey soil K, for Pu 4.9
, 1 Saturated thickn f th i 20
Max. MOP dose at aturated thickness of the aquifer
Well 6 within 50,000 2 Clayey soil K, for Pu 16
years 3 Sandy soil K, for Pu 32
4 UZ thickness beneath Tank 18 3.1
1 Tank 34 failure configuration selector 11
%‘:ﬁ' é\;l(\)vl:tglonsi 8?000 2 UZ thickness beneath the Transfer Lines 5.6
years 3 Sandy soil K for Pu 4.9
Saturated thickness of aquifer beneath the
4 } 4.4
Transfer Lines
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Table 5.6-13: Identification of the Most Sensitive Parameters for the Endpoints of Interest
(Continued)
Endpoint SI Rank | Input Parameter Sensitivity
Index

1 i i 2
Max. MOP dose at Saturated thickness of the aquifer 3
Well 33 within 50,000 2 Sandy soil K, for Pu 4.4
years 3 Well water consumption rate 1.7

4 UZ thickness beneath Tank 33 1.5

1 Saturated thickness of the aquifer 11
x:g\.zgrlfe?lrtnﬁluman 2 Oxidizing young concrete K, for Th 8.9
Intruder (IHI) dose 3 TypelV Tank Configuration Timing for 77
within 10,000 years Cases A&B .

4 UZ thickness beneath Tank 17 33

1 Saturated thickness of the aquifer 26
Max. chronic IHI dose 2 Aquifer width beneath Tank 17 3.0
within 50,000 years 3 Longitudinal / vertical dispersivity ratio 2.9

4 Natural infiltration rate 2.8

1 i f th ift
Max. conc. Pu.239 at Saturated thickness of the aquifer 17
Well 6 within 50,000 2 Clayey soil K, for Pu 12
years 3 UZ thickness beneath Tank 18 2.8

4 Sandy soil K, for Pu 2.4

1 Saturated thickness of the aquifer 24
Max. conc. Ra-226 at TypelV Tank Configuration Timing for
Well 6 within 50,000 2 Cases A&B 7.1
years

3 Average waste thickness in Tank 4 1.9

4 Oxidizing old concrete K, for Pu 1.2

1 ted thi i .
Max. cone. Np-237 at Saturated thickness of the aquifer 2.8
Well 6 within 50,000 2 Saturated zone thickness beneath Tank 4 1.5
years 3 Average waste thickness in Tank 4 1.3

4 Oxidizing old concrete K; for Np 1.0
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Table 5.6-13: Identification of the Most Sensitive Parameters for the Endpoints of Interest
(Continued)
Endpoint SI Rank | Input Parameter Sensitivity
Index

Max. conc. Te-99 at 1 Saturated thickness of the aquifer 9.2
Well 6 within 50,000 2 Average waste thickness in Tank 4 4.7
years 3 Oxidizing middle-aged concrete K, for Tc 2.2

4 UZ thickness beneath Tank 20 2.0

1 Saturated thickness of the aquifer 16
Max. conc. Pu-239 at 2 Sandy soil K for Pu 6.7
;ZZ?SB within 50,000 3 'UZ thickness beneath Transfer Lines 2.5

Pore water volumes to transition from
4 oxidizing middle-aged to oxidizing old 1.9
concrete (second transition)

Max. conc. Ra-226 at 1 Saturated thickness of the aquifer 18
Well 33 within 50,000 2 Aquifer width beneath Tank 28 2.8
years 3 Natural infiltration rate 22

4 UZ thickness beneath Transfer Lines 1.9

1 i fth ift 1
Max. conc. Np-237 at Saturated thickness of the aquifer 8
Well 33 within 50,000 2 Oxidizing old concrete K, for Np 8.4
years 3 Aquifer width beneath Tank 28 3.3

4 Aquifer width beneath Tank 47 2.2

1 Saturated thickn f th i
Max. conc. Tc-99 at aturated thickness of the aquifer 26
Well 33 within 50,000 2 Natural infiltration rate 4.1
years 3 Aquifer width beneath Tank 28 2.6

4 Aquifer width beneath Tank 46 23
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The partial dependence plots shown in Figure 5.6-23 identify the four most significant model
input parameters in determining the maximum dose to a MOP at any well within 10,000
years. The dose is driven by radionuclide concentrations in water drawn from a well, and in
this case, the MOP is exposed to the worst concentration in any well at any given time. The
most significant parameter is Saturated Thickness: the thickness of the aquifer, or saturated
zone. Since the aquifer dilutes the radionuclides introduced to it, the dose from well water
use depends highly on this parameter.

The blue lines indicate the part of the range of each variable that has the greatest influence.
For aquifer thickness, then, the most significant influence is in its lower range. Since it is
inversely related to dose, the roughly hyperbolic shape is to be expected.

Following the aquifer thickness in importance is the K, of plutonium in sandy soil. Since the
MOP dose is dominated by Pu-239, the role of K} in retarding the transport of Pu-239 aids in
delaying the dose peak past 10,000 year and thereby reducing its maximum at 10,000 years.

The probabilistic GoldSim FTF model includes a discrete distribution determining which of
six tank failure configurations (summarized in Table 5.6-2) to assume for a given realization.
As the green image of the underlying distribution shows, configuration 1 (Configuration A in
this PA) is the most likely to occur, followed by 2 (Configruation B) and so on. The
difference between Configurations A and B is further seen to be negligible in determining
dose, as implied by the flat blue line. Since these configurations have very different
properties, in terms of failure times and modes, configuration selection is an important
stochastic variable.

The fourth-ranked variable, the unsaturated zone thickness, also helps in delaying the
transport of radionuclides to the point of exposure at the well. This is also most sensitive in
the lower half of its range (2m to 7m).
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5.6.6.4  Summary of the FTF Probabilistic Model Sensitivity Analysis

The sensitivity analysis of the GoldSim FTF model v1.1 is complicated by the complexity of
the FTF model and the wide ranges of some input distributions, as discussed in Section
5.6.6.3, and indicated by the relatively low SI. However, several recurring themes appeared
in the sensitivity analysis:

e The generally low values of the SI indicate that there is some degree of uncertainty
(at a minimum variability), as discussed in Section 5.6.5. Future refinement of
distributions would be expected to further reduce model uncertainty.

e K, values are quite significant, though the sensitivity may in part be due to the long
tails from the lognormal distributions.

e Dose and concentration are sensitive to the dimensions and flow rates in the
unsaturated and saturated zones. This is to be expected in a model dominated by
waterborne transport processes.

e The timing and geochemical and hydraulic attributes associated with tank degradation
are also important in determining radionuclide transport and subsequent dose.

Some parameters, such as unsaturated and saturated zone thickness were expected due to the
depth of the Type IV tanks in relation to the upper aquifer. Based on these results, any future
work would concentrate on these parameters identified as being important. Deterministic
sensitivity cases for single parameter analyses (e.g., choice of tank configuration, tank
inventories) have been conducted to supplement the probabilistic assessment, as discussed
elsewhere in this Section.

5.6.7 Single Parameter Sensitivity Analyses

The purpose of this section is to consider the impact varying a single parameter might have
on the FTF deterministic model, so that the sensitivity of the models to changes in select
parameters of concern might be discovered.

5.6.7.1  Inventory Sensitivity Analysis using the PORFLOW Deterministic Model

The waste tank inventory sensitivity analysis results are provided in this section. Using the
PORFLOW FTF Base Case presented in Section 4.4, the release rates (fluxes) for key
radionuclides were calculated with increased and decreased inventories for Tanks 5, 6, 18
and 19. For Tanks 18 and 19, the low case is 0.8X the Base Case, and the high case is 1.2X
the Base Case. For Tanks 5 and 6, the low case is 0.5X the Base Case, and the high case is
1.5X the Base Case. The results of these sensitivity analyses, showing the maximum flux in
20,000 years for the Base Case and sensivitity cases are presented in Tables 5.6-14 through
5.6-17. The results show that for most of the radionuclides, the flux essentially varies
linearly with inventory. The exceptions (e.g., Pu-239, Pu-240, Tc¢-99, and U-238) are those
radionuclides that are solubility controlled through iron co-precipitation and are present in a
significant enough quantity for solubility control to have an effect.

Appendix J contains data curves showing the flux (Ci/year) leaving Tanks 5, 6, 18 and 19 for
the inventory sensitivity cases. The flux is provided for the key radionuclides.
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Table 5.6-14: Tank S Inventory Sensitivity Results

Base Case Higher Inventory Higher Lower inventory Lower
Nuclide PeakFlux PeakFlux Inventory PeakFlux Inventory

(Cilkg/yr) (Cilkg/yr) factor (Cikg/yr) Factor
C-14 1.96E-06 2.94E-06 1.50 9.79E-07 0.50
Np-237 9.50E-06 1.48E-05 1.56 4.65E-06 0.49
Pa-231 4.76E-08 7.09E-08 1.49 2.44E-08 0.51
Pb-210 8.45E-08 1.27E-07 1.50 4.22E-08 0.50
Pu-239 1.59E-06 1.59E-06 1.00 1.59E-06 1.00
Pu-240 3.61E-06 3.61E-06 1.00 3.46E-06 0.96
Pu-242 1.27E-08 1.92E-08 1.51 6.31E-09 0.50
Ra-226 3.28E-05 4.92E-05 1.50 1.64E-05 0.50
Tc-99 5.82E-06 5.82E-06 1.00 5.82E-06 1.00
Th-229 3.74E-07 5.49E-07 1.47 1.92E-07 0.51
Th-230 2.64E-08 3.89E-08 1.47 1.36E-08 0.51
U-233 5.17E-06 7.64E-06 1.48 2.68E-06 0.52
U-234 2.99E-06 4.40E-06 1.47 1.55E-06 0.52
U-236 9.36E-08 1.39E-07 1.49 4.81E-08 0.51
U-238 1.13E-08 - 1.13E-08 1.00 1.13E-08 1.00

Table 5.6-15: Tank 6 Inventory Sensitivity Results

Base Case Higher Inventory Higher Lower Inventory Lower
Nuclide PeakFlux PeakFlux Inventory PeakFlux Inventory

(Cilkg/yr) (Cilkg/yr) factor (Cilkg/yr) Factor
C-14 1.60E-06 2.41E-06 1.50 8.02E-07 0.50
Np-237 5.00E-06 7.54E-06 1.51 2.49E-06 0.50
Pa-231 3.72E-08 5.53E-08 1.49 1.90E-08 0.51
Pb-210 1.04E-07 1.56E-07 1.50 5.21E-08 0.50
Pu-239 1.59E-06 1.59E-06 1.00 1.59E-06 1.00
Pu-240 3.61E-06 3.61E-06 1.00 3.39E-06 0.94
Pu-242 1.06E-07 1.22E-07 1.14 4.27E-08 0.40
Ra-226 4.04E-05 6.06E-05 1.50 2.02E-05 0.50
Tc-99 5.82E-06 5.82E-06 1.00 5.82E-06 1.00
Th-229 1.08E-07 1.61E-07 1.49 5.42E-08 0.50
Th-230 3.23E-08 4.75E-08 1.47 1.66E-08 0.51
U-233 1.52E-06 2.26E-06 1.49 7.64E-07 0.50
U-234 3.65E-06 5.40E-06 1.48 1.89E-06 0.52
U-236 1.05E-07 1.56E-07 1.49 5.36E-08 0.51
U-238 1.13E-08 1.13E-08 1.00 1.13E-08 1.00
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Table 5.6-16: Tank 18 Inventory Sensitivity Results

Base Case Higher Inventory Higher Lower inventory Lower
Nuclide PeakFlux PeakFlux Inventory PeakFlux Inventory

(Cilkg/yr) (Cilkg/yr) factor (Cilkg/yr) Factor
C-14 3.14E-05 3.76E-05 1.20 2.51E-05 0.80
Np-237 1.52E-05 1.68E-05 1.11 1.47E-05 0.97
Pa-231 8.34E-08 1.00E-07 1.20 6.68E-08 0.80
Pb-210 1.21E-08 1.44E-08 1.20 9.75E-09 0.81
Pu-239 4.97E-06 4.97E-06 1.00 4.97E-06 1.00
Pu-240 1.50E-05 1.50E-05 1.00 1.50E-05 1.00
Pu-242 3.44E-07 3.44E-07 1.00 3.44E-07 1.00
Ra-226 4.60E-06 5.52E-06 1.20 3.72E-06 0.81
Tc-99 4.35E-06 4.35E-06 1.00 4.35E-06 1.00
Th-229 1.69E-05 2.11E-05 1.25 1.31E-05 0.77
Th-230 1.43E-06 1.71E-06 1.20 1.16E-06 0.81
U-233 1.36E-04 1.71E-04 1.26 1.00E-04 0.74
U-234 5.41E-05 6.90E-05 1.28 4.08E-05 0.75
U-236 2.27E-06 2.68E-06 1.18 1.72E-06 0.75
U-238 1.23E-08 1.23E-08 1.00 1.23E-08 1.00

Table 5.6-17: Tank 19 Inventory Sensitivity Results

Base Case Higher Inventory Higher Lower Inventory Lower
Nuclide PeakFlux PeakFlux Inventory PeakFlux Inventory

(Cilkg/yr) (Cilkg/yr) factor (Cilkg/yr) Factor
C-14 6.29E-05 7.55E-05 1.20 5.03E-05 0.80
Np-237 9.60E-07 1.16E-06 1.20 7:66E-07 0.80
Pa-231 1.41E-08 1.69E-08 1.20 1.13E-08 0.80
Pb-210 9.69E-10 1.16E-09 1.20 7.75E-10 0.80
Pu-239 4.97E-06 4.97E-06 1.00 4.97E-06 1.00
Pu-240 1.50E-05 1.50E-05 1.00 1.50E-05 1.00
Pu-242 3.44E-07 3.44E-07 1.00 3.44E-07 1.00
Ra-226 3.71E-07 4.45E-07 1.20 2.96E-07 0.80
Tc-99 4.35E-06 4.35E-06 1.00 4.35E-06 1.00
Th-229 1.02E-05 1.20E-05 1.18 8.37E-06 0.82
Th-230 1.15E-07 1.38E-07 1.20 9.17E-08 0.80
U-233 7.06E-05 8.93E-05 1.26 5.36E-05 0.76
U-234 3.57E-06 4.29E-06 1.20 2.85E-06 0.80
U-236 3.35E-07 4.05E-07 1.21 2.67E-07 0.80
U-238 1.23E-08 1.23E-08 1.00 1.23E-08 1.00
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5.6.7.2  K,Sensitivity Analysis using the PORFLOW Deterministic Model

The purpose of this section is to present the K, sensitivity analysis results for selected waste
tanks. Using the PORFLOW FTF Base Case presented in Section 4.4, the release rates
(fluxes) for Tc-99 and Pu-239 were calculated with increased and decreased K, values
assigned to the associated basemat and soil for Tanks 5, 18 and 34. These three tanks were
selected for analysis because they represent one of each tank type, and therefore have
different characteristics.

In addition to the Base Case K, value, four separate PORFLOW runs were made for each
nuclide (Pu-239 and Tc-99). The four cases are elevated basemat K, lower basemat K,
elevated soil K, and lower soil K;. The soil and basemat K, values were varied similar to
the procedure used for the probabilistic distributions (Section 5.6.3.4): if the K, value is
greater than 1,000, then the lower bound is five times less and the upper bound five times
higher, and if the K, value is less than 1,000, then the lower bound is two times less, and the
upper bound is two times higher. The results of the K, sensitivity runs, showing the
maximum flux in 20,000 years for the Base Case, and four different cases, are presented in
Tables 5.6-18 and 5.6-19 (the four cases are identified in the tables as: CaseA *, where *
represents "base high", "base low", "soil_high", "soil_low"). The soil K, change was for the
sandy soil, which includes the area below the tank and much of the aquifer. The results show
that the Tc-99 flux is relatively unaffected by K, changes, while the Pu-239 flux can be
significantly impacted, especially when the material layer is thick (e.g., the Type HI and
Type I basemats).

Appendix I contains data curves showing the flux (Ci/year) leaving Tanks 5, 18, and 34 for
the K, sensitivity cases. The flux is provided for the Tc-99 and Pu-239.

Table 5.6-18: Tc-99 K, Sensitivity Results

. Peak Flux Ratio to
Nuclide | Case Tank (Cilkg/yr) Base Case
Tc-99 CaseA Tank05 5.82E-06 N/A
Tc-99 CaseA base high | Tank05 5.82E-06 1.00
Tc-99 CaseA base low Tank05 5.82E-06 1.00
Tc-99 CaseA soil high Tank05 5.82E-06 1.00
Tc-99 CaseA soil low Tank05 5.82E-06 1.00
Tc-99 CaseA Tank34 9.09E-06 N/A
Tc-99 CaseA base high | Tank34 1.02E-05 1.12
Tc-99 CaseA base low Tank34 8.34E-06 0.92
Tc-99 CaseA soil high Tank34 8.83E-06 0.97
Tc-99 CaseA soil low Tank34 9.24E-06 1.02
Tc-99 CaseA Tank18 4.35E-06 N/A
Tc-99 CaseA base high | Tankl8 4.54E-06 1.04
Tc-99 CaseA base low Tank18 4.35E-06 1.00
Tc-99 CaseA soil high Tank18 4.44E-06 1.02
Tc-99 CaseA soil low Tank18 4.35E-06 1.00
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Table 5.6-19: Pu-239 K, Sensitivity Results

. Peak Flux Ratio to
Nuclide | Case Tank (Cilkg/yr) Base Case
Pu-239 | CaseA Tank05 1.59E-06 N/A
Pu-239 | CaseA base high | TankO05 2.20E-07 0.14
Pu-239 | CaseA base low Tank05 3.05E-06 1.92
Pu-239 | CaseA soil high Tank05 5.04E-08 0.03
Pu-239 | CaseA soil low Tank05 4.08E-06 2.56
Pu-239 | CaseA Tank34 3.72E-09 N/A
Pu-239 | CaseA _base high | Tank34 6.33E-12 1.70E-03
Pu-239 | CaseA base low Tank34 1.15E-07 30.89
Pu-239 | CaseA soil high Tank34 1.55E-12 4.16E-04
Pu-239 | CaseA soil low Tank34 6.38E-07 171.65
Pu-239 | CaseA Tank18 4 97E-06 N/A
Pu-239 | CaseA base high | Tankl8 5.18E-06 1.04
Pu-239 | CaseA base low Tankl18 5.11E-06 1.03
Pu-239 | CaseA soil high Tank18 4.90E-06 0.98
Pu-239 | CaseA soil low Tank18 5.15E-06 1.04

5.6.7.3  Sensitivity Analyses using the GoldSim Deterministic Model

The purpose of this section is to present single parameter sensitivity analysis results obtained
using the GoldSim FTF model. Select parameters within the GoldSim FTF model have been
changed to assess the impact on the all-pathways dose. A discussion of the individual
parameters modeled in the GoldSim FTF model is provided in Section 5.6.3.

: Figures 5.6-39 and 5.6-40 show
>  Base Case Parameters with Configuration A ¢ peak all-pathways dose for
Wells 6 and 33, the two wells
with the highest peak doses within 20,000 years (Well 6 is along the flow path to UTR,
Well 33 is along the flow path to Fourmile Branch). These dose curves were produced
using the GoldSim FTF model (version 1.099) in deterministic mode using the Base Case
input parameters and Configuration A. These dose curves differ slightly from the
PORFLOW FTF model peak dose curves (e.g., Figure 5.5-2) due to the inherent
differences between the models (discussed in the benchmarking section). However,
magnitude and timing of the peak doses are similar such that valid sensitivity trends can
be analyzed using only the GoldSim FTF model.
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Figure 5.6-39: GoldSim FTF Model Baseline Parameters, All-Pathways Dose for Well 6

(mrem/yr)

| \ /
| \ /
o ~—

0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000 12,000 13,000 14,000 15000 16,000 17,000 18,000 19,000

Time (yr)

Page 632 of 736



Performance Assessment for the SRS-REG-2007-00002
F-Tank Farm at the Savannah River Site : Revision 0
June 27, 2008

Figure 5.6-40: GoldSim FTF Model Baseline Parameters, All-Pathways Dose for Well 33
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To investigate the effect of the
»  Base Case Parameters with Configuration A tank basemat having reduced
and a Bypass Fraction of 25% adsorptive  properties,  the
“BypassFraction” deterministic
value for all waste tanks was increased from 0.0 to 0.25. This change allows a full 25%
of the flow from the waste to travel past the basemat without the basemat K, having any
effect. This sensitivity analysis conservatively bounds the impact of flow through a
cracked basemat. Allowing the basemat to effectively have flow channels that penetrate
over 25% of the basemat, with no adsorptive properties bounds any expected basemat
degradation which would likely take the form of cracks. Figures 5.6-41 and 5.6-42 show
the peak all-pathways dose for Wells 6 and 33 for 20,000 years with the 25% bypass
fraction change in place. As can be seen from Figure 5.6-41, the 25% bypass fraction
change has only a minor effect for Well 6, with the timing and magnitude of the dose
peaks changing slightly. The 25% bypass fraction change has more effect for Well 33
(Figure 5.6-42), with the magnitude of the dose peaks increasing by about 20%-40%.
The results are expected to vary for the two wells, since the Well 6 dose is dominated by
Type IV Tanks, which have very thin basemats, while the Well 33 dose is dominated by
Type III Tanks, which have very thick basemats.
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For the FTF PA modeling, a 100m buffer zone surrounding FTF and the seepline were evaluated
after an institutional control period of 100 years. Conservatisms in the PA modeling are
summarized in Section 7.2. In addition, the SRS land use plans indicate that that the current SRS
boundaries will remain unchanged. Under this plan, the land will remain under the ownership of
the federal government, consistent with the site’s designation as a NERP. Thus, no MOP would
have unrestricted access to the FTF. Because the FTF is a much greater distance (approximately
five miles) from the site boundary than 100m, and groundwater potentially affected by releases
from the FTF is completely intercepted by UTR and Fourmile Branch, the PA modeling results
provide protection of the public to a much greater degree than the performance measures require.
Considerable more dispersion of any radionuclides released to groundwater or air would occur if
the closest access point to the disposal facility is the SRS site boundary.

DOE Manual 435.1-1, Chapter IV, P(2)(f) states:

“Performance assessments shall include a demonstration that projected releases of
radionuclides to the environment shall be maintained as low as reasonable
achievable (ALARA). DOE G435.1-1 provides additional guidance on meeting
this requirement. The Guide states in part that the goal of the ALARA process is
not the attainment of a particular dose level (or, in this case, level of release), but
rather the attainment of the lowest practical dose level after taking into account
social, technical, economic, and public policy considerations. The PA should
include assessments that focus on alternatives for LLW disposal. ALARA is
meant to provide a documented answer to the question: “Have I done all that 1
can reasonably do to reduce radiation doses or releases to the environment?”

In addition, 10 CFR 61, Section 61.41, Protection of the General Population from Releases of
Radioactivity, states:

“Reasonable effort should be made to maintain releases of radioactivity in effluents to the
general environment as low as is reasonable achievable.”

DOE’s approach to radiation protection is based on meeting the performance objectives
identified in DOE M 435.1-1 and 10 CFR 61. These documents specify maximum doses for
various pathways based upon the ALARA principle. The annual performance objectives for
DOE M 435.1-1 are: 25 mrem all pathways; 4 mrem groundwater; and 10 mrem air pathway.
The annual performance objective for 10 CFR 61 is 25 mrem all pathways.

Section 3.2.3 credits the EIS for tank closure for performing the alternative disposal analysis in
regards to ALARA. [DOE-EIS-0303] In May 2002, DOE issued the EIS on tank cleaning and
stabilization alternatives. DOE studied five alternatives:

1. Empty, clean and fill with grout,
Empty, clean and fill with sand
Empty, clean and fill with saltstone
Empty, clean and remove tanks, and
No action.

Nk wN

The EIS concluded the fill with grout option was the preferred option with the best approach to
minimize human health and safety risks associated with closure of tanks. [DOE-EIS-0303]
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In addition, the NDAA Section 3116, and DOE M 435.1-1 require that highly radioactive
radionuclides be removed to the maximum extent practical. [NDAA 3116] This basic ALARA
principle is accomplished through the cleaning of the waste tanks prior to closure. Section 3.3.2
delineates the estimations of waste tank inventory after tank cleaning.

At this time, it is inappropriate to do an in-depth ALARA cost-benefit analysis, because the cost
of new technology and personnel exposures will not be available until following final waste tank
cleaning and sampling operations. In-depth ALARA analysis will be completed as part of the
NDAA Section 3116 Waste Determination and state-required Closure Modules.

The analysis of alternative disposal techniques; the application of cleaning the waste tanks to the
maximum extent practical; the stabilization of the remaining inventory with grout; and meeting
the performance objectives of DOE M 435.1-1 and 10 CFR 61 are evidence of the application of
ALARA in limiting the release of radionuclides into the environment. Furthermore, an
additional ALARA analysis will be performed following closure of FTF to support the CERCLA
closure, including the final design considerations for the closure cap to evaluate opportunities to
further reduce environmental releases. Therefore, the principle of ALARA is satisfied.
[http://www.access. gpo.gov/uscode/title42/chapter103 _html]
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6.0 INADVERTENT INTRUDER ANALYSIS

6.1 Groundwater Concentrations at 1m

The purpose of this section is to present the Im groundwater concentrations for all of the
radionuclides and chemicals discussed in the source term screening section of the PA (Section
4.2.1). Maximum groundwater concentrations are given for the modeling cell adjoining the
analyzed source terms. Results are presented for the three distinct aquifers modeled (the
UTR-UZ, the UTR-LZ, and Gordon aquifer).

The groundwater concentrations at 1m are calculated using the PORFLOW FTF model for the
Base Case modeling configuration discussed in Section 4.4. A summary of the key parameters
used in the baseline PORFLOW FTF modeling configuration are provided in Table 5.2-1. The
PORFLOW Im concentrations are provided for four sectors as shown on Figure 5.2-5, with
results provided for the three aquifer depths of concern (i.e., UTR-UZ, UTR-LZ and Gordon
aquifer). Dividing the results into sectors allows variability in peak concentration for different
areas of the FTF to be more easily seen. The four sectors are searched for each radionuclide and
chemical to find the maximum groundwater concentrations at 1m from the FTF.

Tables 6.1-1 through 6.1-3 show the peak 1m radionuclides concentrations for the three aquifers
in the 10,000 year evaluation period. These radionuclide concentrations reflect the peak
concentrations for each radionuclide in the highest sector. These values are conservatively high
for the radionuclides present in multiple decay chains because the totals are simply the sum the
individual peaks within that sector for a given radionuclide, without regard to location within the
sector (as explained in Section 5.2.1). Tables 6.1-4 through 6.1-6 show the peak 1m chemical
concentrations for the three aquifers in the 10,000 year evaluation period. These chemical
concentrations also reflect the peak concentrations for the highest sector.
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The 1m radionuclide and chemical concentration curves (for 20,000 years) associated with the
four sectors and three aquifers for the Base Case, as described in Section 4.4.2, are captured in
Appendix G.

Appendix G.1 — UTR-UZ for Sectors A through D at Im.

Appendix G.2 - UTR-LZ for Sectors A through D at Im.

Appendix G.3 - Gordon Aquifer for Sectors A through D at 1m.
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Table 6.1-1: Radiological 1m Concentrations for UTR-UZ
Sector A Sector B Sector C Sector D
Radionuclide . Year Peak . Year Peak . Year Peak . Year Peak
Concentration o e Concentration o g Concentration or i Concentration oy e
(pCi/L) Contribution (pCi/L) Contribution (pCi/L) Contribution (pCi/L) Contribution
p Occurs Occurs Occurs Occurs

Ac-227 8.87E-08 1,776 6.22E-07 6,106 4.03E-05 6,090 3.24E-09 1,770
Al-26 1.75E-25 10,000 3.85E-08 10,000 9.58E-04 10,000 1.13E-16 10,000
Am-241 3.49E-25 10,000 8.73E-12 10,000 4.86E-06 8,762 2.73E-18 10,000
Am-242m <1.0E-30 8,332 1.34E-24 7,078 2.83E-19 6,544 <1.0E-30 8,064
Am-243 4.76E-23 10,000 4.48E-13 10,000 4.53E-08 10,000 2.32E-16 10,000
Ba_137m * % * * * * * *
Bk_249 * * * * * * * *
C-14 1.34E+00 556 2.21E+00 556 3.87E+01 3,754 5.02E-02 554
Ce-144 * * * * * * * *
Cf-249 <1.0E-30 10,000 <1.0E-30 9,828 1.26E-30 8,900 1.26E-41 10,000
Cm_242 % L] % * * * * *
Cm-243 <1.0E-30 1,838 <1.0E-30 1,306 <1.0E-30 1,226 <1.0E-30 1,420
Cm-244 3.56E-81 1,298 <1.0E-30 978 <1.0E-30 922 <1.0E-30 1,050
Cm-245 1.95E-25 10,000 7.74E-15 10,000 6.15E-10 10,000 6.44E-19 10,000
Cm-247 <1.0E-30 10,000 5.48E-25 10,000 5.24E-20 10,000 <1.0E-30 10,000
Cm-248 <1.0E-30 10,000 1.24E-25 10,000 1.19E-20 10,000 <1.0E-30 10,000
C0_60 * * * * * 3k * *
Cs_134 * * * * % % E 3 *
Cs-135 2.14E-03 7,122 8.30E-03 5,504 2.01E-01 4,726 7.84E-05 6,714
Cs-137 1.25E-24 1,922 1.16E-14 926 4.08E-11 790 2.03E-21 1,046
Eu_l 52 * * * % * % % %
Eu_l 54 * * * * * £ * %
Eu_l 55 * * * * * * * *
Gd-152 <1.0E-30 10,000 6.95E-22 10,000 7.19E-17 10,000 9.99E-28 10,000
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Table 6.1-1: Radiological 1m Concentrations for UTR-UZ (Continued)
Sector A Sector B Sector C Sector D
Radionuclide
Concentration Year. Pea.k Concentration Year. Pea.k Concentration Year‘ Pea.k Concentration Year. Pea.k
(pCi/L) Contribution (pCi/L) Contribution (pCi/L) Contribution (pCi/L) Contribution

Occurs Occurs Occurs Occurs
H-3 7.10E-12 552 2.14E-11 202 1.92E-08 196 2.77E-12 158
1-129 8.24E-04 576 1.41E-03 578 2.38E-02 3,788 3.79E-05 536
Na_22 * * * * % * * *
Nb-94 1.24E+00 556 2.05E+00 556 1.85E+00 556 4.64E-02 554
Ni-59 1.58E+00 1,796 2.98E+00 7,278 7.62E+01 7,126 5.79E-02 1,706
Ni-63 4.32E-03 1,380 7.63E-03 1,178 2.50E-01 1,058 1.64E-03 1,102
Np-237 1.52E-01 1,580 2.61E-01 1,582 1.08E+01 6,036 5.57E-03 1,570
Pa-231 1.17E-04 1,744 8.23E-04 6,054 5.35E-02 6,034 4.27E-06 1,738
Pb-210 4.92E-04 1,600 9.01E-04 1,598 1.09E-02 10,000 1.87E-05 1,636
Pm_147 * * * % £ * %k %
Pr_144 * * * * * * * %k
Pu-238 3.69E-28 4,688 2.59E-20 6,370 8.71E-20 2,268 3.54E-24 4,162
Pu-239 3.27E-04 10,000 8.76E-03 10,000 2.20E+00 10,000 2.10E-03 10,000
Pu-240 5.57E-05 10,000 2.18E-02 10,000 7.20E+00 10,000 2.42E-04 10,000
Pu-241 1.05E-24 10,000 3.58E-14 10,000 2.68E-09 10,000 3.28E-18 10,000
Pu-242 1.29E-06 10,000 6.61E-04 10,000 1.60E-01 10,000 8.14E-07 10,000
Pu-244 6.20E-10 10,000 2.29E-06 10,000 3.01E-04 10,000 3.76E-09 10,000
Ra-226 1.90E-01 1,576 3.47E-01 1,574 4.22E+00 10,000 7.58E-03 996
Ra-228 3.36E-11 10,000 2.23E-08 10,000 6.84E-06 10,000 2.90E-11 10,000
Rh_106 * * * * * * * *
Ru_ 1 06 * * * * * * * *
Sb_125 * * * * * * * *
Sb_126 * * * * * * * *
Sb-126m * * * * * * * *
Se-79 2.17E-19 10,000 1.22E-05 10,000 2.85E-01 10,000 1.42E-12 10,000

Page 654 of 736




Performance Assessment for the

SRS-REG-2007-00002

F-Tank Farm at the Savannah River Site Revision 0
June 27,2008 .
Table 6.1-1: Radiological 1m Concentrations for UTR-UZ (Continued)
Sector A Sector B Sector C Sector D
Radionuclide . Year Peak . Year Peak . Year Peak . Year Peak
Concentration o Concentration o . Concentration o . Concentration o
(pCi/L) Contribution (pCi/L) Contribution (pCi/L) Contribution (pCi/L) Contribution
Occurs Occurs Occurs Occurs
Sm-147 7.75E-28 10,000 3.73E-17 10,000 2.19E-12 10,000 9.26E-25 10,000
Sm-151 <1.0E-30 5,970 <1.0E-30 2,704 3.40E-25 2,442 9.33E-40 3,380
Sn-126 1.58E-29 10,000 2.39E-10 10,000 5.12E-04 10,000 2.53E-19 10,000
Sr-90 6.44E-08 954 4.28E-07 958 4.01E-05 898 1.83E-07 912
Tc-99 2.99E+02 586 5.01E+02 588 2.05E+03 578 1.11E+01 582
Te_125m * * * * * * * *
Th-228 1.95E-13 10,000 1.30E-10 10,000 3.98E-08 10,000 1.69E-13 10,000
Th-229 1.39E-05 10,000 3.88E-02 10,000 2.86E+00 10,000 5.11E-06 10,000
Th-230 1.18E-06 10,000 2.72E-04 10,000 1.75E-01 10,000 1.43E-06 10,000
Th-232 1.24E-13 10,000 1.03E-10 10,000 3.32E-08 10,000 1.42E-13 10,000
U-232 <1.0E-30 3,840 9.23E-25 1,782 1.45E-19 1,460 1.66E-28 3,428
U-233 6.71E-04 10,000 1.11E+00 10,000 4.62E+01 8,656 1.37E-04 10,000
U-234 5.62E-04 10,000 8.21E-02 10,000 2.25E+01 8,634 2.96E-04 10,000
U-235 5.54E-06 10,000 1.07E-03 10,000 9.79E-02 10,000 4.44E-06 9,812
U-236 1.10E-05 10,000 5.48E-03 10,000 8.55E-01 9,002 5.98E-06 10,000
U-238 2.62E-04 10,000 1.12E-03 10,000 2.48E-02 10,000 1.95E-04 9,806
Y_9O * * * * * * * %*

*Short-lived radionuclides decayed prior to liner failure.
modeling, but the DCFs do include the equilibrium progeny.

PORFLOW does not track short-lived radionuclides during transport
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Table 6.1-2: Radiological 1m Concentrations for UTR-LZ
Sector A Sector B Sector C Sector D
Radionuclide . Year Peak . Year Peak . Year Peak . Year Peak
Concentration o e Concentration ey e Concentration o s Concentration L
(pCi/L) Contribution (pCi/L) Contribution (pCi/L) Contribution (pCi/L) Contribution
P Occurs Occurs Occurs Occurs
Ac-227 3.01E-08 1,784 2.87E-07 6,110 1.73E-05 6,094 1.19E-08 1,780
Al-26 3.46E-30 10,000 5.61E-12 10,000 7.88E-08 10,000 1.86E-14 10,000
Am-241 1.68E-29 10,000 3.51E-15 10,000 2.11E-09 10,000 2.51E-16 10,000
Am-242m <1.0E-30 9,200 2.41E-29 8,014 8.82E-25 7,516 <1.0E-30 7,878
Am-243 2.20E-27 10,000 1.80E-16 10,000 5.68E-11 10,000 7.18E-17 10,000
Ba-137m * * * * * * * *
Bk_249 * * * * * * * *
C-14 4 45E-01 558 1.22E+00 560 1.23E+01 3,754 1.47E-01 558
Ce_144 * * * * * * * *
C1-249 <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000
Cm-242 * * * * * * * *
Cm-243 <1.0E-30 2,002 <1.0E-30 1,536 <1.0E-30 1,382 <1.0E-30 1,500
Cm-244 <1.0E-30 1,416 <1.0E-30 1,122 <1.0E-30 1,026 <1.0E-30 1,098
Cm-245 9.02E-30 10,000 341E-18 10,000 4.23E-13 10,000 4.25E-20 10,000
Cm-247 <1.0E-30 10,000 2.42E-28 10,000 7.25E-23 10,000 9.54E-29 10,000
Cm-248 <1.0E-30 10,000 5.47E-29 10,000 1.65E-23 10,000 2.17E-29 10,000
Co-60 * * * * * * * *
Cs_134 %* * * * * * * *
Cs-135 7.24E-04 7,652 3.72E-03 5,980 6.25E-02 5,170 4.60E-04 3,458
Cs-137 4.62E-27 2,026 6.64E-17 1,036 7.84E-14 952 1.23E-19 1,016
Eu-1 52 * * * * * * * *
Fu-154 * * * * * * * *
Eu—15 5 * * * * * * * *
Gd-152 <1.0E-30 10,000 3.07E-25 10,000 9.94E-20 10,000 1.31E-25 10,000
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Table 6.1-2: Radiological 1m Concentrations for UTR-LZ (Continued)
Sector A Sector B Sector C Sector D
Radionuclide . Year Peak . Year Peak . Year Peak . Year Peak
Concentration o e Concentration o e Concentration . Concentration o s
(pCi/L) Contribution (pCi/L) Contribution (pCi/L) Contribution (pCi/L) Contribution
Occurs QOccurs Occurs QOccurs
H-3 2.06E-12 554 1.01E-11 164 3.81E-09 200 1.65E-11 158
1-129 2.79E-04 578 8.02E-04 582 7.49E-03 3,788 2.30E-04 536
Na_22 * * * * * * * *
Nb-94 4.11E-01 558 1.12E+00 560 1.08E+00 560 1.35E-01 558
Ni-59 5.32E-01 1,876 1.51E+00 1,976 2.76E+01 7,210 3.15E-01 1,172
Ni-63 8.71E-04 1,446 4.42E-03 1,214 5.29E-02 1,104 9.46E-03 1,108
Np-237 5.15E-02 1,584 1.49E-01 1,592 4. 40E+00 6,042 2.41E-02 678
Pa-231 3.96E-05 1,752 3.79E-04 6,058 2.30E-02 6,038 1.57E-05 1,750
Pb-210 1.61E-04 1,734 4.88E-04 1,648 4.64E-03 10,000 9.71E-05 1,030
Pm_147 * * * * * * * *
Pr_144 * * * * * * * %k
Pu-238 <1.0E-30 5,094 2.29E-23 6,828 9.44E-20 6,548 1.26E-25 6,758
Pu-239 8.56E-06 10,000 4.25E-04 10,000 1.68E-01 10,000 5.40E-03 10,000
Pu-240 1.46E-06 10,000 1.03E-03 10,000 5.73E-01 10,000 6.30E-04 10,000
Pu-241 5.07E-29 10,000 1.68E-17 10,000 1.95E-12 10,000 2.07E-19 10,000
Pu-242 3.39E-08 10,000 3.19E-05 10,000 1.24E-02 10,000 2.20E-06 10,000
Pu-244 1.62E-11 10,000 1.08E-07 10,000 2.46E-05 10,000 1.02E-08 10,000
Ra-226 6.22E-02 1,622 1.87E-01 1,626 1.79E+00 10,000 3.97E-02 10,00
Ra-228 2.28E-12 10,000 2.83E-09 10,000 1.44E-06 10,000 2.07E-10 10,000
Rh-106 * * * * * * * *
Ru_106 * * * * * * * *
Sb_126 % * * * * * * *
Sb_126m * * E 3 * * * * *
Se-79 1.61E-23 10,000 1.77E-08 10,000 7.36E-04 10,000 1.42E-10 10,000
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Table 6.1-2: Radiological 1m Concentrations for UTR-LZ (Continued)
Sector A Sector B Sector C Sector D
Radionuclide
Concentration Year_Pea.k Concentration Year'Pea.k Concentration Year.Pea.k Concentration Year.Pea.k
(pCi/L) Contribution (pCi/L) Contribution (pCi/L) Contribution (pCi/L) Contribution

Occurs Occurs Occurs Occurs
Sm-147 3.94E-30 10,000 1.62E-20 10,000 1.42E-15 10,000 1.22E-22 10,000
Sm-151 <1.0E-30 6,582 <1.0E-30 '3,354 2.12E-30 2,910 <1.0E-30 3,258
Sn-126 <1.0E-30 10,000 3.30E-15 10,000 1.11E-08 10,000 6.70E-17 10,000
Sr-90 9.21E-09 986 1.60E-07 986 5.48E-06 926 9.35E-07 928
Tc-99 1.00E+02 588 2.85E+02 592 1.11E+03 582 3 .88E+01 548
Te-125m * * * * * * * *
Th-228 1.32E-14 10,000 1.64E-11 10,000 8.34E-09 10,000 1.20E-12 10,000
Th-229 1.03E-06 10,000 4.88E-03 10,000 6.97E-01 10,000 5.11E-05 10,000
Th-230 7.75E-08 10,000 3.06E-05 10,000 3.71E-02 10,000 9.01E-06 10,000
Th-232 7.97E-15 10,000 1.16E-11 10,000 6.82E-09 10,000 9.77E-13 10,000
U-232 1.00E-35 4,150 9.68E-28 2,130 4.76E-23 1,778 9.12E-30 2,076
U-233 5.26E-05 10,000 2.09E-01 10,000 1.79E+01 10,000 1.64E-03 10,000
U-234 4.22E-05 10,000 1.35E-02 10,000 8.35E+00 10,000 2.16E-03 10,000
U-235 4.15E-07 10,000 1.62E-04 10,000 2.31E-02 10,000 2.73E-05 10,000
U-236 8.18E-07 10,000 9.15E-04 10,000 3.17E-01 10,000 4.88E-05 10,000
U-238 1.97E-05 10,000 3.06E-04 10,000 6.48E-03 10,000 1.18E-03 9,984
Y-90 * * * * * * * *

*Short-lived radionuclides decayed prior to liner failure.

modeling, but the DCFs do include the equilibrium progeny.

PORFLOW does not track short-lived radionuclides during transport
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Table 6.1-3: Radiological 1m Concentrations for Gordon Aquifer
Sector A Sector B Sector C Sector D
Radionuclide
. Year Peak . Year Peak . Year Peak . Year Peak
Concentration o L. Concentration oy Le Concentration et . Concentration o s
(pCi/L) Contribution (pCi/L) Contribution (pCi/L) Contribution (pCi/L) Contribution
p Occurs P Occurs p Occurs p Occurs
Ac-227 8.13E-13 10,000 2.58E-11 10,000 3.23E-10 10,000 3.01E-12 10,000
Al-26 <1.0E-30 10,000 2.66E-26 10,000 6.23E-22 10,000 1.87E-26 10,000
Am-241 <1.0E-30 10,000 1.17E-30 10,000 8.71E-25 10,000 1.63E-29 10,000
Am-242m <1.0E-30 10,000 <1.0E-30 9,328 <1.0E-30 8,650 <1.0E-30 9,116
Am-243 <1.0E-30 10,000 <1.0E-30 10,000 9.13E-26 10,000 4.69E-30 10,000
Ba_l 37m * * * * % * * %
Bk_249 * * * * * * * *
C-14 9.54E-06 612 2.34E-04 610 9.59E-04 3,884 2.86E-05 602
Ce_144 * * * * * * * *
Cf-249 <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000
Cm_242 % * * * %k * * *
Cm-243 <1.0E-30 2,292 <].0E-30 1,824 <1.0E-30 1,664 <1.0E-30 1,782
Cm-244 <1.0E-30 1,598 <1.0E-30 1,300 <1.0E-30 1,200 <1.0E-30 1,274
Cm-245 <1.0E-30 10,000 <1.0E-30 10,000 2.03E-28 10,000 <1.0E-30 10,000
Cm-247 <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000
Cm-248 <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000
Co-60 * * * * * * * *
Cs-134 * * * * * * * *
Cs-135 4.85E-10 10,000 1.22E-08 10,000 2.97E-08 10,000 1.96E-09 10,000
Cs-137 <1.0E-30 2,288 4.93E-29 1,248 3.08E-26 1,168 7.43E-30 1,206
Eu_ 1 52 * % * * * * * *
Eu_ 1 54 * * * * * * * *
Eu_ 1 55 * * * * * * * *
Gd-152 <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000
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Table 6.1-3: Radiological 1m Concentrations for Gordon Aquifer
Sector A Sector B Sector C Sector D
Radionuclide
. Year Peak . Year Peak . Year Peak . Year Peak
Concentration iy e Concentration o L. Concentration o s Concentration o
(pCi/L) Contribution (pCi/L) Contribution (pCi/L) Contribution (pCi/L) Contribution
Occurs Occurs Occurs Occurs
H-3 8.09E-18 576 3.70E-16 184 8.02E-15 222 1.14E-16 178
1-129 5.55E-09 746 1.37E-07 726 2.84E-07 4,068 1.69E-08 712
Na_22 * * * * . * * * *
Nb-94 8.86E-06 612 2.17E-04 610 2.09E-04 608 2.52E-05 604
Ni-59 3.62E-06 6,948 1.03E-04 9,536 4.55E-04 10,000 1.11E-05 5,968
Ni-63 3.19E-11 1,748 8.17E-10 1,560 1.33E-09 1418 3.52E-10 1,378
Np-237 3.88E-07 7,738 1.01E-05 7,008 6.12E-05 10,000 1.19E-06 6,508
Pa-231 1.01E-09 10,000 3.28E-08 10,000 4.08E-07 10,000 3.87E-09 10,000
Pb-210 1.21E-09 10,000 3.13E-08 9,860 8.98E-09 2,826 4.06E-09 9,498
Pm_147 * * * * * * * *
PI‘-144 * * * * * * * *
Pu-238 <1.0E-30 5,886 <1.0E-30 7,556 <1.0E-30 7,198 <1.0E-30 7,424
Pu-239 4.84E-18 10,000 6.16E-16 10,000 2.14E-13 10,000 1.27E-14 10,000
Pu-240 8.24E-19 10,000 7.79E-16 10,000 7.24E-13 10,000 1.84E-15 10,000
Pu-241 <1.0E-30 10,000 <1.0E-30 10,000 8.58E-28 10,000 <1.0E-30 10,000
Pu-242 1.91E-20 10,000 2.44E-17 10,000 1.61E-14 10,000 1.11E-17 10,000
Pu-244 9.18E-24 10,000 7.40E-20 10,000 3.74E-17 10,000 5.03E-20 10,000
Ra-226 4.61E-07 10,000 1.19E-05 9,828 3.44E-05 10,000 1.55E-06 9,466
Ra-228 1.57E-21 10,000 3.62E-18 10,000 3.25E-15 10,000 5.06E-18 10,000
Rh_ 1 06 * * * * * * * *
Ru_106 * %* % * * * * *
Sb_ 125 * * * * * * * *
Sb-126 * * * * * * * *
Sb_126m * * * * * * * *
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Table 6.1-3: Radiological 1m Concentrations for Gordon Aquifer
Sector A Sector B Sector C Sector D
Radionuclide
. Year Peak . Year Peak . Year Peak . Year Peak
Concentration o . Concentration o Concentration o . Concentration R
(pCi/L) Contribution (pCi/L) Contribution (pCi/L) Contrlbutlon (pCi/L) Contribution
Occurs Occurs Occurs Occurs
Se-79 <1.0E-30 10,000 2.29E-21 10,000 1.41E-16 10,000 3.20E-21 10,000
Sm-147 <1.0E-30 106 <1.0E-30 10,000 <1.0E-30 10,000 <1.0E-30 10,000
Sm-151 <1.0E-30 7,440 <1.0E-30 4,222 <1.0E-30 3,762 <1.0E-30 4,086
Sn-126 <1.0E-30 10,000 <1.0E-30 10,000 3.21E-25 10,000 4.99E-31 10,000
Sr-90 5.78E-17 1,090 4.97E-15 1,098 1.91E-14 1,058 7.37E-15 1,034
Tc-99 2.12E-03 682 5.26E-02 674" 6.78E-02 668 6.44E-03 664
Te-125m * * * * * * * *
Th-228 9.11E-24 10,000 2.10E-20 10,000 1.88E-17 10,000 3.25E-20 10,000
Th-229 7.06E-11 10,000 1.85E-09 10,000 5.92E-09 10,000 2.31E-10 10,000
Th-230 7.68E-17 10,000 4.83E-14 10,000 1.17E-10 10,000 1.98E-13 10,000
Th-232 7.60E-24 10,000 1.74E-20 10,000 1.80E-17 10,000 2.68E-20 10,000
U-232 <1.0E-30 4,766 <1.0E-30 2,690 <1.0E-30 2,372 <1.0E-30 2,586
U-233 1.39E-09 10,000 3.38E-08 10,000 2.95E-07 10,000 4.31E-09 10,000
U-234 8.09E-14 10,000 4.94E-11 10,000 9.38E-08 10,000 1.52E-10 10,000
U-235 7.89E-16 10,000 5.41E-13 10,000 1.50E-10 10,000 6.30E-13 10,000
U-236 1.50E-15 10,000 3.31E-12 10,000 2.78E-09 10,000 3.95E-12 10,000
U-238 3.77E-14 10,000 2.66E-12 10,000 4.16E-11 10,000 2.31E-11 10,000
Y_90 * * * * * * % *

*Short-lived radionuclides decayed prior to liner failure.
modeling, but the DCFs do include the equilibrium progeny.

PORFLOW does not track short-lived radionuclides during transport
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Table 6.1-4: Chemical 1m Concentrations for UTR-UZ
Sector A Sector B Sector C Sector D
Chemical
C . Year Peak . Year Peak . Year Peak . Year Peak
oncentration e . Concentration . Concentration . Concentration RN
(ug/L) Contribution (ug/L) Contribution (ug/L) Contribution (ug/L) Contribution
HE Occurs He Occurs he Occurs He Occurs

Ag 1.74E-03 6,924 1.13E-01 5,806 4.19E+00 4,642 6.47E-05 3,734
As 4,25E-05 10,000 1.15E-02 8,250 2.52E-01 7,006 1.62E-06 9,498
Ba 1.50E-02 1,586 1.01E-01 4,962 1.38E+00 4,774 6.05E-04 998
Cd 6.48E-02 1,266 1.08E-01 1,304 4.75E+00 7,140 2.40E-03 1,228
Cr 2.43E-02 1,266 8.52E-02 4,740 1.42E+00 4,688 8.99E-04 1,228
Cu 2.16E-03 5,296 6.85E-02 5,474 2.75E+00 4,514 8.55E-05 4,938

F 2.47E-01 556 3.83E+00 3,840 4.56E+01 3,836 9.28E-03 554
Fe 1.85E-03 10,000 5.56E-01 10,000 9.53E+01 10,000 2.84E-03 9,926
Hg 2.79E-18 10,000 6.50E-06 10,000 4 40E-02 10,000 3.71E-12 10,000
Mn 3.42E-02 4,774 1.72E+00 5,080 8.41E+01 4,856 3.71E-03 1,776
N 9.63E+00 556 1.31E+02 3,654 2.48E+03 3,650 3.62E-01 554
Ni 8.07E-01 1,802 1.37E+00 1,896 4.01E+00 1,126 3.73E-02 1,166
Pb 1.43E-26 10,000 1.38E-08 10,000 5.40E-03 10,000 6.01E-17 10,000
Sb 1.23E-33 10,000 2.79E-17 10,000 5.28E-06 10,000 1.70E-19 10,000
Se 2.22E-22 10,000 9 47E-06 10,000 3.92E-02 10,000 2.33E-14 10,000
U 8.56E-04 10,000 3.66E-03 10,000 1.43E-01 8,472 1.13E-03 9,804
\ 5.48E-09 562 1.14E-02 558 5.54E-01 554 5.70E-07 558
Zn 1.57E-03 10,000 6.01E-02 7,930 2.70E+00 5,960 5.99E-05 9,498
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Table 6.1-5: Chemical 1m Concentrations for UTR-LZ
Sector A Sector B Sector C Sector D
Chemical
. Year Peak . Year Peak . Year Peak . Year Peak
Concentration . Concentration s Concentration . Concentration vy e
(ug/L) Contribution (hg/L) Contribution (ug/L) Contribution (ng/L) Contribution
Occurs Occurs Occurs Occurs

Ag 5.81E-04 7,532 5.08E-02 6,274 8.87E-01 5,294 391E-04 3,788
As 1.24E-05 10,000 4.25E-03 9,056 7.02E-02 7,832 8.06E-06 5,572
Ba 5.00E-03 1,636 4.80E-02 4,980 4.81E-01 4910 3.66E-03 1,002
Cd 2.18E-02 1,310 6.02E-02 1,362 1.78E+00 7,162 1.34E-02 922
Cr 8.17E-03 1,310 3.66E-02 4,774 4.60E-01 4,722 5.00E-03 922
Cu 7.00E-04 5,794 3.14E-02 5,864 6.39E-01 4,960 3.19E-04 3,264
F 8.23E-02 558 1.83E+00 3,840 1.75E+01 3,838 3.03E-02 534
Fe 1.46E-04 10,000 4.67E-02 10,000 1.30E+01 10,000 1.73E-02 10,000
Hg 6.15E-22 10,000 1.96E-08 10,000 2.41E-04 10,000 3.03E-10 10,000
Mn 1.16E-02 4,920 7.58E-01 5,192 2.69E+01 4,978 2.25E-02 1,792
N 3.20E+00 558 5.14E+01 3,656 7.53E+02 3,652 1.18E+00 534
Ni 2.73E-01 1,880 7.76E-01 1,976 1.21E+00 1,166 2.26E-01 1,172
Pb 4.94E-31 10,000 6.47E-13 10,000 5.60E-07 10,000 1.29E-14 10,000
Sb 8.55E-39 10,000 1.16E-21 10,000 2.23E-10 10,000 5.17E-17 10,000
Se 1.65E-26 10,000 1.37E-08 10,000 4.97E-05 10,000 2.34E-12 10,000
U 6.43E-05 10,000 1.00E-03 10,000 3.75E-02 9,816 6.81E-03 9,982
\'% 3.43E-09 566 5.69E-03 560 2.99E-01 554 1.20E-05 558
Zn 4.59E-04 10,000 2.77E-02 8,702 6.03E-01 6,846 2.99E-04 5,576
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Table 6.1-6: Chemical 1m Concentrations for Gordon Aquifer
Sector A Sector B Sector C Sector D
Chemical
Concentration Year. Pea.k Concentration Year' Pea.k Concentration Year. Pea.k Concentration Year. Pea.k
(/L) Contribution (ug/L) Contribution (ug/L) Contribution (hg/L) Contribution
Occurs Occurs. Occurs -Occurs
Ag 6.89E-10 10,000 9.52E-08 10,000 1.03E-06 10,000 3.40E-09 10,000
As 7.53E-13 10,000 7.19E-10 10,000 1.41E-08 10,000 1.66E-11 10,000
Ba 4.05E-08 4,600 2.70E-06 10,000 1.97E-05 10,000 1.26E-07 3,924
Cd 1.93E-07 3,160 4.80E-06 2,944 8.82E-05 10,000 5.99E-07 2,758
Cr 7.25E-08 3,160 2.77E-06 8,734 2.33E-05 9,320 2.27E-07 2,758
Cu 3.36E-09 10,000 2.54E-07 10,000 2.47E-06 10,000 1.46E-08 10,000
F 1.78E-06 612 2.99E-04 3,988 2.26E-03 3,980 5.40E-06 602
Fe 1.52E-13 10,000 2.90E-11 10,000 8.89E-09 10,000 1.75E-10 10,000
Hg 1.49E-35 10,000 7.67E-21 10,000 1.44E-16 10,000 1.78E-20 10,000
Mn 2.68E-08 10,000 1.20E-06 10,000 9.49E-06 10,000 1.19E-07 10,000
N 6.92E-05 612 1.70E-03 610 1.08E-02 3,708 2.11E-04 602
Ni 1.95E-06 7,246 4.83E-05 6,528 4.77E-05 6,364 6.03E-06 6,066
Pb 3.10E-47 10,000 6.66E-29 10,000 8.04E-23 10,000 3.25E-28 10,000
Sb 1.46E-55 10,000 9.27E-38 10,000 1.32E-25 10,000 8.13E-31 10,000
Se 8.17E-40 10,000 1.76E-21 10,000 1.00E-17 10,000 5.26E-23 10,000
U 1.23E-13 10,000 8.67E-12 10,000 2.39E-10 10,000 1.34E-10 10,000
\'% 1.08E-13 620 1.72E-07 606 7.13E-06 600 9.33E-09 600
Zn 2.79E-11 10,000 1.00E-08 10,000 2.67E-07 10,000 5.66E-10 10,000
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6.2  Acute Exposure Scenarios

6.2.1 Acute Intruder Ingestion Dose Pathway — Ingestion_of Resuspended Drill
Cuttings

The drill cuttings ingestion exposure route assumes the drill cuttings from the well
installation are distributed across the garden. The receptor in turn is exposed by ingesting
dirt. The source of material is a transfer line that is assumed to be penetrated during well
installation. Only the exposure from the drill cuttings is included in this calculation (i.e., this
does not include any other ingestion sources). Unless otherwise noted, formulas were based
on those used in LADTAP model, report WSRC-STI-2006-00123 or in the PA for Idaho
Tank Farm, document DOE-ID-10966. While these documents were used as guides for the
other formulas, ultimately the basis for all the formulas can be traced to 10 CFR 50, Reg.
Guide 1.109. The dose is calculated using the following formula. Unit conversions are not
explicitly stated in the equations, but are coded into GoldSim.

Cipr X dy x ¢y X Fjye xU g x DCF

e 2
% X 7T X Ly X P
where:
‘ Cxr = transfer line surface radionuclide concentration (pCi/ftz)
dw = well diameter (ft) [0.667 ft]
cw = transfer line circumference (ft) [0.803 ft (for 3 inch inner
diameter)]
Fpe = fraction of time exposed to drill cuttings (unitless) [0.0023 equates
to 20 hours]
DCF = ingestion dose conversion factor (rem/pCi), Table 4.7-1
Us = human consumption rate of dirt (kg/year), Table 4.6-7
lw = well depth (ft) [100 ft]
pss = density of sandy soil (g/cm3)
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6.2.2 Acute Intruder Inhalation Dose Pathway — Inhalation of Drill Cuttings

The drill cuttings inhalation route assumes the drill cuttings from the well installation are
distributed across the garden. The receptor in turn is directly exposed during time spent in
the garden. The source of material is a transfer line that is assumed to be penetrated during
well installation. Only the exposure from the drill cuttings is included in this calculation
(i.e., this does not include any other direct exposure sources). This formula was derived
following the approach of the previous pathway calculations, whose bases are found in other
PA methods. The dose is calculated using the following formula.

6.2.3

where:

Cxfer
dw

Cw
Fpc

DCF
ly
Uy
Lsia
pss

Cryper X dy Xy X Fpe XDCF x U, x Lg,
2
%X”XIW X Pss

transfer line surface radionuclide concentration (pCi/ft?)
well diameter (ft) [0.667 ft]

transfer line circumference (ft) [0.803 ft (for 3 inch inner
diameter)]

fraction of time exposed to drill cuttings (unitless) [0.0023 equates
to 20 hours]

inhalation dose conversion factor (rem/pCi), Table 4.7-1

well depth (ft) [100 ft]

air intake (m’/yr), Table 4.6-7

soil loading in air while working in a garden (kg/m3), Table 4.6-6
density of sandy soil (g/cm’)

Acute Intruder Direct Exposure Dose Pathways — Direct Exposure to Drill

Cuttings -

The drill cuttings direct exposure route assumes the receptor is directly exposed to the
drill cuttings during well drilling operations. The source of material is a transfer line that
is assumed to be penetrated during well installation. Only the exposure from the drill
cuttings is included in this calculation (i.e., this does not include any other direct
exposure sources). This formula was derived following the approach of the previous
pathway calculations, whose bases are found in other PA methods. The dose is
calculated using the following formula.
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D= Cyer X dy ><2cW x Fp. x DCF
2 xrzxl,
where:
Cxper = transfer line surface radionuclide concentration (pCi/ftz)
dw = well diameter (ft) [0.667 f]
cw = transfer line circumference (ft) [0.803 (for 3 inch inner diameter)]
Fpe = fraction of time exposed to drill cuttings (unitless) [0.0023 equates
to 20 hours]
DCF = external dose conversion factor, 15 cm (rem/yr per pCi/m?), Table
4.7-1
lw = well depth (ft) [100 ft]

6.3 Chronic Exposure Scenarios

The exposure pathways for the FTF intruder are discussed in detail in Section 4.2.4.2. The
Chronic Intruder Agricultural (Post-Drilling) Scenario analyzed in this PA is graphically
represented in Figure 4.2-30. Provided below are the individual elements of the Chronic Intruder
biotic pathways that were identified for analysis and inclusion in the Chronic Intruder
Agricultural (Post-Drilling) Scenario dose. The GoldSim computer code was used to calculate
doses following the dose formulas provided below and utilizing the PORFLOW calculated 1m
concentrations as inputs. Unless otherwise noted, formulas were based on those used in
LADTAP model report WSRC-STI-2006-00123 or in the PA for Idaho Tank Farm, document
DOE-ID-10966. While these documents were used as guides for the other formulas, ultimately
the bases for all the formulas can be traced to 10 CFR 50, Reg. Guide 1.109. Unit conversions
are not explicitly stated in the equations, but are coded into GoldSim.

All transfers times are assumed negligible due to the half lives of the radionuclides and the long
term analysis of the PA.

6.3.1 Chronic Intruder Ingestion Dose Pathways
Ingestion of Water

The drinking water exposure route assumes the receptor uses a well located 1m from the
tank farm tanks as a drinking water source. The incidental ingestion of water from
showering and during recreational activities is assumed to be negligible when compared
to ingestion of drinking water.
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where:
D

Cow

Uw

DCF =

D=Cow*xUwxDCF

dose from 1 year’s consumption of contaminated media; in this
equation, groundwater (rem/year)

radionuclide concentration in groundwater from a well located at
Im (pCi/L)

human consumption rate of water (L/year), Table 4.6-7

ingestion dose conversion factor (rem/uCi), Table 4.7-1

Ingestion of Beef and Milk

The beef and dairy exposure route assumes cattle drink contaminated water and the
intruder in turn consumes the contaminated beef and milk from the cattle. Beef and milk
are treated separately. The dose is calculated using

Beef:

Milk:

where:
Ty
Tm
FF;

Cr
OFi

CG_W
Qw

i

DCF =

Us
Um
Fg
Fy

D=T, x{FFy xC; x Oy + Cg, x Oy )x DCF x U, x F,

D=T,, x(FF,,x C, x 0y, + Cgyy X Oy Jx DCF xU,, x F,,

beef transfer coefficient (d/kg), Table 4.6-3
milk transfer coefficient (d/L), Table 4.6-2

beef or milk cattle intake fraction from irrigated field/pasture,
Table 4.6-7

radionuclide concentration in fodder (pCi/kg)

consumption rate of fodder by beef or milk cattle (kg/d), Table 4.6-
. .

radionuclide concentration in groundwater from a 1m well (pCi/L)
consumption rate of water by beef or milk cattle (L/d), Table 4.6-7
ingestion dose conversion factor (rem/uCi), Table 4.7-1

human consumption rate of beef (kg/year), Table 4.6-7

human consumption rate of milk (L/year), Table 4.6-7

fraction of beef produced locally (unitless), Table 4.6-5

fraction of milk produced locally (unitless), Table 4.6-5

Page 668 of 736



Performance Assessment for the SRS-REG-2007-00002
F-Tank Farm at the Savannah River Site Revision 0
June 27, 2008

Ingestion of Vegetables

The dose to humans from ingestion of contaminated leafy vegetables and produce is
calculated assuming three contamination routes: (1) direct deposition of contaminated
irrigation water on plants, (2) deposition of contaminated irrigation water on soil
followed by root uptake by plants, and (3) deposition of contaminated drill cuttings in -
soil followed by root uptake by plants. Leafy vegetables and produce are treated
separately. The dose is calculated using:

D,, =Dgy x Dp

where:
Dy = the intruder dose from vegetable intake
Dew = the vegetable dose to intruder associated with using contaminated
well water
Dpc = the vegetable dose to intruder associated with drill cutting in the

garden soil

D = Cyyy x Ix(LEAF + ROOT )x DCF x (U, + Uy, x k)x FV x &

T,
Dy =Cyy x=2x DCF x (U, xk +Uy, )x FV

Ps
Aty
LEAF = rxil—e
Y, x4
roor =15 x(1-e)
Ps XA,
A, =4+,
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where:
Cow = radionuclide concentration in groundwater from a 1m well (pCi/L)
1 = irrigation rate (L/m*-d), Table 4.6-6
LEAF = radionuclide concentration in the vegetable’s leaves (m’d/kg)
ROOT= radionuclide concentration in the vegetable’s roots (m°d/kg)
DCF = ingestion dose conversion factor (rem/uCi), Table 4.7-1
Uy = human consumption rate of leafy vegetables (kg/year), Table 4.6-7
Uoyr = human consumption rate of other vegetables (produce) (kg/year),
Table 4.6-7
k = fraction retention of deposition on leaves (unitless) [1]
FV = fraction of leafy vegetables and produce produced locally
(unitless), Table 4.6-5
¥ = fraction of material deposited on leaves that is retained (unitless),
Table 4.6-6
Ae = weathering and radiological decay constant (1/d)
A = weathering decay constant (0.0495/d)
ty = time vegetables are exposed to irrigation (d), Table 4.6-5
Yy = vegetation production yield (kg/m?), Table 4.6-5
Tswy = soil to vegetable ratio (unitless), Table 4.6-1
ps = surface soil density (kg/m?), Table 4.6-6
ts = buildup time of radionuclides in soil, Table 4.6-1
Ai = radiological decay constant (In2/half life of radionuclide i — 1/d)
Csp = concentration in soil due to drill cuttings (pCi/L)

t =

Ingestion of Fish

transport time (d), assumed to be zero

The fish exposure route assumes fish are caught from a stream contaminated from the
aquifer, diluted, and the receptor in turn consumes the contaminated fish. The dose is
calculated using the following formula.
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D=C;xU,. xT.xDCF
where:
Cs = radionuclide concentration in groundwater at the seep line (pCi/L)
Ur = human consumption rate of finfish (kg/year), Table 4.6-7
Tr = fish bioaccumulation factor (L/kg), Table 4.6-4
DCF = ingestion dose conversion factor (rem/pCi) Table 4.7-1

Ingestion of Soil

The soil ingestion exposure route assumes soil is irrigated with groundwater from a well
Im from the tank farm and the receptor in turn consumes the contaminated soil. ). This
formula was derived following the approach of the previous pathway calculations, whose
bases are found in other PA methods. The dose is calculated using the following

formula.
D=(C,+C,)xDCFxUg
Pss
where:
Cp = radionuclide concentration in soil contaminated with drill cuttings
. (pCi/m°)
Cw = radionuclide concentration in soil irrigated with water from a 1m
well (pCi/m?)
DCF = ingestion dose conversion factor (rem/uCi), Table 4.7-1
US = human consumption rate of dirt (kg/year), Table 4.6-7
pss = density of sandy soil (g/cm’)
6.3.2 Chronic Intruder Direct Exposure Dose Pathways

Direct Exposure from Irrigated Soil

The irrigated soil direct exposure route assumes soil is 1) irrigated with groundwater
from a well 1m from the tank farm, and 2)contaminated with drill cuttings. The receptor,
in turn, is exposed during time spent caring for a garden. The dose is calculated using the
following formula. : '
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D=(C,+C,)xF;xDCF

where:

Cpb = radionuclide concentration in soil contaminated with drill cuttings
(pCi/m’)

Cw = radionuclide concentration in soil irrigated with water from a Im
well (pCi/m?)

DCF = external dose conversion factor, 15cm (rem/yr per pCi/m?), Table
4.7-1

Fe = fraction of time spent in garden (unitless), Table 4.6-7

Direct Exposure from Swimming

The swimming direct exposure route assumes the receptor receives dose from swimming
in a stream contaminated from the aquifer. The dose is calculated using the following

formula.
D = GF; xt; xCg, x DCF
where:
DCF = external dose conversion factor, water immersion (rem/yr per
uCi/m’), Table 4.7-1 .
GFs = swimming geometry factor (unitless) [1]
ts = time per year spent swimming (hr/yr), Table 4.6-7
Csw = radionuclide concentration in water from the stream (undiluted

aquifer) (pCi/L)
Direct Exposure from Fishing/Boating

The fishing/boating direct exposure route assumes the receptor receives dose from fishing
or boating in a stream contaminated from the aquifer. The dose is calculated using the
following formula.

D = GF; xt; xC, x DCF

where:
DCF = external dose conversion factor, 15 cm (rem/yr per pCi/m®), Table
4.7-1
GFp = boating geometry factor (unitless) [0.5]
tp = time per year spent boating (hr/yr), Table 4.6-7
Csw = radionuclide concentration in water from the stream (undiluted
aquifer) (pCi/L)
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6.3.3 Chronic Intruder Inhalation Dose Pathways

Inhalation during Irrigation

The irrigation inhalation exposure route assumes soil is irrigated with groundwater from
a well Im from the tank farm and the intruder in tumn is exposed by breathing while the
garden is irrigated but only during the time spent caring for a garden. For simplicity and
conservatism, the source material is the moisture contained within the air with equal
concentrations as the groundwater. No resistance to vaporization (i.e., vapor pressure)
was used. This formula was derived following the approach of the previous pathway
calculations, whose bases are found in other PA methods. The dose is calculated using
the following formula.

D= Cusp x DCF xU ,x F,xC,,
Pw
where:
Cow = radionuclide concentration in groundwater from a Im well (pCv/L)
DCF = inhalation dose conversion factor (rem/pCi), Table 4.7-1
u, = air intake (m3/yr), Table 4.6-7
Fe = fraction of time spent in garden exposed to soil irrigated with
‘ contaminated ground water (unitless), Table 4.6-7
Cwqy = water contained in air at ambient conditions, (g/m’) [10 g/m’]
pw = water density (g/ml)

Inhalation during Showering

The showering inhalation exposure route assumes receptor exposed by breathing humid
air within the shower. The source of water for the shower is a well Im from the tank
farm. For simplicity and conservatism, the source material is the moisture contained
within the air with equal concentrations as the groundwater. No resistance to
vaporization (i.e., vapor pressure) was used, adding to the conservatism. For example,
heavy elements would be greatly influenced by this assumption because they would be
less likely to volatize. This formula was derived following the approach of the previous
pathway calculations, whose bases are found in other PA methods. The dose is
calculated using the following formula.
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D= Cow X DCF xU , xtg x Cpyq
Pw
where:

Cow = radionuclide concentration in groundwater from a well (pCi/L)

DCF = inhalation dose conversion factor (rem/puCi), Table 4.7-1

Ug = air intake (m*/yr), Table 4.6-7

ts = time spent in shower (min), Table 4.6-7

Note: GoldSim uses fraction of time [0.0069 = 10 min/day]
Cws = water contained in air at shower conditions, (g/m’) [4] g/m’]
pw = water density (g/ml)

Inhalation of Dust from Irrigated Soil

The irrigation soil inhalation exposure route assumes soil is irrigated with groundwater
from a well 1m from the tank farm and the receptor in turn is exposed by breathing dust
during time spent caring for a garden. This formula was derived following the approach
of the previous pathway calculations, whose bases are found in other PA methods. The
dose is calculated using the following formula.

U,xLg, xC,xDCF xF,

D=
Pss
where:
Ug = air intake (m’/yr), Table 4.6-7
Lsy = soil loading in air while working in a garden (kg/m®), Table 4.6-6
Cp = radionuclide concentration in soil irrigated with water from a well
and contaminated with drill cuttings (pCi/m?)
DCF = inhalation dose conversion factor (rem/puCi), Table 4.7-1
Fg = fraction of time spent in garden exposed to soil irrigated with
contaminated ground water (unitless), Table 4.6-7
pss = density of sandy soil (g/cm’)

Inhalation During Swimming

The swimming inhalation exposure route assumes a stream contaminated from the
aquifer and the receptor inhales saturated air. For simplicity and conservatism, the
amount of moisture contained in the inhaled air assumed to be stream water. This
formula was derived following the approach of the previous pathway calculations, whose
bases are found in other PA methods. The dose is calculated using the following
formula.
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U, xGF;xt;xCg, x DCF xC,,,

D
Pw
where:
Uy = air intake (m*/yr), Table 4.6-7
GFs = -  swimming geometry factor (unitless) [1]
ts = time per year spent swimming (hr/yr), Table 4.6-7
Csw = radionuclide concentration in water from the stream, (undiluted
aquifer) (pCi/L) '
DCF = inhalation dose conversion factor (rem/pCi), Table 4.7-1
Cpy = water contained in air at ambient conditions, (g/m3) [10 g/m3]
pw = water density (g/ml)

6.4 Intruder Analysis Results

The peak total intruder doses were calculated utilizing the pathways identified in Section 6.2 for
the Acute Intruder Scenario and in Section 6.3 for the Chronic Intruder Agricultural (Post-
Drilling) Scenario. The peak total doses were calculated using the maximum 1m concentrations
identified in Section 6.1. A peak dose was identified for the 10,000 year performance period.

' The peak dose for the Acute Intruder in the 10,000 year performance period was 1.60 mrem at
year 100, which was primarily due to exposure to drill cuttings (Table 6.4-1). The Acute
Intruder scenario was not tied to a groundwater contribution and therefore did not vary by FTF
Sector. Figure 6.4-1 presents the peak doses over time during the performance period (10,000

years) for the Acute Intruder.

The peak doses for the four 1m sectors were calculated using the highest concentration for each
radionuclide in the Sector (a discussion of how peak concentrations were determined by sector
was provided in Section 6.1). These peak doses were the total dose associated with all the
individual 1m well pathways identified in Sections 6.2 and 6.3. Tables 6.4-1 and 6.4-2 present
the Acute and Chronic Intruder peak doses. In calculating the peak chronic intruder doses, the
highest radionuclide concentration was used from the applicable aquifers.

Table 6.4-1: Acute Intruder Dose Contributors

Acute Intruder Pathway Peak Contribution Principal Radionuclide

Contributors (mrem) .Pathway Dose (%)

Drill Cuttings Direct Exposure 1.53 Cs-137/Ba-137m (94%)

Drill Cuttings Ingestion 0.02 Am-241 (50%)

Drill Cuttings Inhalation 0.05 Am-241 (70%)
Total 1.60
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Figure 6.4-1: Acute Intruder Dose Results within 10,000 Years
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7.0 INTERPRETATION OF RESULTS

the results presented-i

Section 7.2 summarizes the conservatisms used in:

71 Performance Assessment Results

This section provides a summary and interpretation of the results presented in Section 5 and 6.
Intrepretation of the results against 10 CFR 61 performance objectives shall be documented in
DOE’s Waste Determination documentation per NDAA Section 3116, and against the Industrial
Wastewater Regulations in the Closure Plan. [NDAA 3116, SCDHEC _R.61-67]

7.1.1 Integrated System Behavior

Provided below is a short description of the impact that various segments of the integrated
conceptual model have on dose results (the segments are discussed in some detail in Section
4.4.3).

‘ 71.1.1 Closure Cap

The Base Case liner failure dates are all after year 2500, so changes in the infiltration rate
and corresponding changes in flow near the waste tanks does not significantly affect the flow
model in the early years. Since the closure cap reaches the steady state flow values relatively
quickly, the cap has a minimal effect on peak doses.

7.1.1.2 Tank Top

The timing of waste tank top concrete degradation affects the flow rate into the tank. Early
concrete degradation, as modeled in some alternate configurations, allows the steady state
flow values to be reached earlier, but doesn’t appear to have as pronounced an impact on
flow as other segments (e.g., liner failure, basemat bypass).

7.1.1.3 Tank Liner Top

Since the entire liner was modeled as failing simultaneously, isolated failure of the tank top
liner was not studied. A discussion of the overall affect of the liner failure analyses and
results is provided in Section 7.1.1.6.
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7.1.1.4 Tank Grout

The timing of tank grout degradation affects the flow rate to the CZ. Early grout
degradation, as modeled in some alternate configurations, allows the steady state flow values
to be reached earlier, but doesn’t appear to have as pronounced an impact on flow as other
segments (e.g., liner failure, basemat bypass).

7.1.1.5 Contamination Zone

The CZ modeling segment has a significant impact on the peak dose results. The modeled
solubility limits control the release rate of contaminants from the CZ, and higher solubility
limits can cause increased release rate. The Section 5.6.7.1 sensitivity analysis results show
that for most of the radionuclides, the waste release flux varies linearly with inventory, with
the exceptions being those radionuclides (e.g., Pu-239, Pu-240, Tc-99, and U-238) that are
solubility controlled through iron co-precipitation and are present in a significant enough
quantity for solubility control to have an effect.

7.1.1.6 Tank Liner Sides and Bottom

In the probabilistic model, the waste tank liner was modeled utilizing different
configurations, since independently moving the liner failure date forward tends to decrease
the peak 20,000 year dose. As discussed in Section 5.6.7.3, early liner failure tends to allow
the closure cap to reduce infiltration into the tank during release of radionuclides that are not
significantly affected by either the waste release solubility limits and/or concrete/soil
retardation (e.g., with low soil/concrete Kd values). The result is to spread the releases out
over a longer time period. Early liner failure has only a minor effect on magnitude of the
dose peaks within 20,000 years. There can be a significant change in the timing of the early
peaks associated with some radionuclides, such as Np-237 which shows a direct relationship
to the change in the liner failure date. Since the release rate of the other radionclides most
affecting dose (e.g., Tc, Pu, U) are solubility limited, their contribution to the peak doses are
not greatly impacted by early liner failure.

7.1.1.7 Basemat

As shown in the 5.6.7.3 GoldSim sensitivity studies, allowing contaminants to bypass the
basemat has a minimal affect on tanks with thin basemats (Type IV tanks), but has a more
appreciable affect when the waste tanks involved have a very thick basemat (e.g., Type
I/IIV/IIIA tanks). This is due to the fact that bypassing the basemat removes both the flow
restricting and K; impacts of the basemat. The impact of the basemat can be very
radionuclide specific depending on how high the K, value of the concrete is for the
applicable radionuclide. The Section 5.6.7.2 sensitivity analysis results show that the Tc-99
flux is relatively unaffected by K, changes, while the Pu-239 flux can be significantly
impacted, especially when the material layer is thick (e.g., the Type III and Type I basemats).
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7.1.1.8 Vadose Zone Beneath Tank

The vadose zone beneath the waste tanks has a very similar radionuclide-specific effect to
that of the basemat. The vadose zone depth can have a considerable affect if the vadose layer
is thick or if the radionuclide in question has a high K, in soil.

7.1.2 100m (Water from Well) Groundwater Pathways D_oses

The peak 100m groundwater pathway doses in the 10,000 year performance period are in
Sector E (1.3 mrem/yr) and Sector D (1.2 mrem/yr), as expected, because these sectors are
closest to the Type IV tanks, which are the only tanks considered to have their liner fail in
less than 10,000 years. The primary pathway contributors to the peak 100m groundwater
dose are water ingestion and vegetable ingestion.

The 100m groundwater pathway dose during the 10,000 years evaluation period is primarily
associated with Ra-226 and U-233. While there is very little Ra-226 in the Type IV tanks,
the Ra-226 is a daughter product of U-238, of which there is an appreciable quantity in the
Type IV tanks. The Ra-226 is a relatively fast moving (e.g., K; < 20 units in soil)
radionuclide so that it is capable of reaching the 100m location before it’s parent. The U-233
is also a relatively fast moving (e.g., K = 300 units in soil) radionuclide which is present in
the Type IV tanks.

The peak 100m groundwater pathway dose within 20,000 years is also in Sectors D and E.
These sectors are close to the Type IV tanks and also begin to see the releases from the
nearby Type I tanks within 20,000 years. While they do not contain the peak groundwater
pathway doses, Sectors A and B begin to see noticeable 100m doses within 20,000 years due
to releases from the Type III tanks (Tanks 33 and 34). Uncertainties of the results are
discussed in Section 5.6.

7.1.3 Water at the Stream Groundwater Pathways Doses

The peak groundwater pathway dose at the stream in the 10,000 year performance period is
associated with UTR. The MOP at the stream peak groundwater pathway dose in the 10,000
year evaluation period is 0.21 mrem/yr at year 3,788. UTR dose is higher than the Fourmile
Branch dose because releases from the Type IV tanks (which are expected to have liner
failure earlier than other tank types) will primarily go to UTR. The primary contributor (98%
of the peak dose) to the UTR peak is fish ingestion, which is due to the large C-14 peak at
year 3,788. Carbon is very fast moving (i.e., K; = 0 in soil) and C-14 has a high fish uptake
factor which allows the C-14 to predominate before other radionuclides appear at the stream.

The Fourmile Branch groundwater pathway stream doses are greater than the UTR doses
within 20,000 years because the Type I and Type III/IIIA tank liners have failed and released
material in the direction of Fourmile Branch by year 15,000. The primary contributors to the
Fourmile Branch groundwater pathway stream dose at 14,468 years (the year of the peak
dose) is finfish ingestion, with 97% of the dose from Ra-226.
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7.1.4 All-Pathways Dose

The peak all-pathways annual dose for the MOP at 100m is calculated using the highest
100m groundwater pathway dose results during the 10,000 year performance period in
combination with the air pathway results. The peak all-pathway annual dose for the MOP is
1.4 mrem/yr and is associated with Sector E at 100m. The all-pathways dose was dominated
by the groundwater pathway with a dose of 1.3 mrem/yr 100m from the FTF. The airborne
dose adds an additional 0.14 mrem/yr to the MOP.

7.1.5 Intruder Dose

The peak dose for the Acute Intruder in the 10,000 year performance period was 1.60 mrem,
which was primarily due to exposure to drill cuttings. The Acute Intruder scenario did not
include a groundwater contribution and therefore did not vary by FTF Sector.

The peak dose for the Chronic Intruder scenario in the 10,000 year performance period was
73 mrem/yr. This peak dose was almost entirely due to ingestion of vegetables contaminated
with drill cuttings, with 72 of the 73 mrem/yr being due to vegetable ingestion. The principal
radionuclide contributors to this vegetable dose were the short lived isotopes Sr-90/Y-90 and
Cs-137/Ba-137m. The Chronic Intruder scenario peak dose was not driven by the
groundwater contribution and therefore does not vary by FTF Sector.

7.1.6 Airborne Dose

The annual dose from airborne releases resulted in a total dose 0.14 mrem/yr (principally
from Sn-126) at 100m from the FTF. These results were very conservative because the flux
rates were based on simplified models as described in Section 4.5.

7.1.7 Radon Flux

These simplified models also resulted in a peak flux of radon at the ground surface of
9.3E-08 pCi/m*/sec.

7.2 Conservatisms Included in the FTF Performance Assessment

Much conservatism was used in conducting the FTF PA as discussed in previous sections.
Cumulative effects of the conservatisms are addressed through probabilistic modeling. A
summary of those conservatisms are discussed below.

7.2.1 Inventory

Inventory estimates are based on sample analysis and the WCS. WCS generated values are
generally conservative because of two main factors. First, each reactor spent fuel assembly
that was reprocessed is assumed to have received the maximum burnup possible and,
therefore, the amounts of actual fission products contained in an assembly were actually less
than those entered into WCS. Second, some of the residual material characterized as fission
product bearing PUREX Low Heat Waste actually originated as cladding waste or other low
radionuclide bearing wastes that contain relatively small amounts of fission products.
[LWO-PIT-2007-00025] Another factor expected to provide additional conservatism is the
likelihood that actual concentrations for some constituents in the residual sludge on the waste
tank bottoms after tank cleaning will be significantly less than the concentrations for dried
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sludge currently given in the WCS. This condition is expected to result from various
flushing that will take place and the use of OA to clean the tanks.

Analyses of samples from Tanks 5, 18, and 19 indicate that the .predicted inventory modeled
values are conservative compared to sample analysis values for most (approximately 75 %)
of the constituents (Figure 3.3-3).

Using the estimated sludge concentrations for the characterization of ancillary equipment
inventory also provides conservatism in the results.

The sorption of uranium onto the waste tank walls, as discussed in WSRC-STI-2007-00684,
was overestimated in the inventory calculations. The inventory on the tank walls is expected
to be overestimated by one or two orders of magnitude.

7.2.2 Closure Cap

The following are some of the measures which were taken to try and ensure conservative
HELP model infiltration results.

e The precipitation data utilized included maximum daily precipitation up to 6.7 inches
(i.e., significant pulses of water).

o The maximum slope length of the closure cap (i.e., 585 feet) was utilized to
determine both runoff and lateral drainage for the entire closure cap.

e A maximum evaporative zone depth of 22 inches, which is considered conservative
due to the anticipated capillarity of the surficial soils, was utilized.

e The erosion barrier is assumed to be infilled with a sandy soil; the use of a less
permeable infill would reduce infiltration.

e A saturated hydraulic conductivity was assigned to the intact portions of the HDPE
geomembrane even though water transport through HDPE is a vapor diffusional
process.

e It has been assumed that every HDPE geomembrane hole generated over time is
penetrated by a pine root that subsequently penetrates the GCL. However the results
of the probability based root penetration model demonstrate that this is not the case
and that most of the HDPE geomembrane holes are not penetrated by roots over the
time period of interest.

7.2.3 Integrated Site Conceptual Model

Several assumptions were made that introduced conservatism into the timing of release of
radionuclides from the FTF.

e Prior to failure, steel is assumed to be essentially impermeable with respect to both
advection and diffusion. After failure, the steel liner is assumed to be absent, or
otherwise not a hindrance to advection and diffusion.

Failure times for steel liners assume corrosion from both sides.

Liner failures ignore concrete vaults, pipe jackets and other protection.

All waste tanks of the same type were assumed to fail simultaneously.

Tank dimensions default to the minimum. For example, if wall thickness or basemat
thickness varied, the minimum dimension was used for the entire wall or basemat.
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s Based on stainless steel corrosion calculations, the earliest failure of a stainless steel
transfer line is predicted to occur 510 years after FTF closure under SRS soil
conditions. [WSRC-STI-2007-00460] Failure is assumed after the first pit
‘penetration of the transfer line wall. Predicted failure times are dependent on the
thickness of the transfer lines.

e A fundamental part of establishing solubility controlled stabilized contaminant
release rates for the waste tanks is selection of a solubility controlling phase for each
radionuclide. For some of the radionuclides of interest there are studies that can
guide selection, for others it is based on engineering judgment. For this reason,
selection of solubility controlling phases is generally very conservative, meaning that
where multiple phases of a radionuclide were possible, that with the highest solubility
is selected.

e No solubility control is assumed for ancillary equipment inventory. The ancillary
equipment inventory is immediately released to the soil after failure with no holdup in
the CZ.

¢ In an equilibrium model, the assumption that solubility rather than adsorption controls
stabilized contaminant release is conservative, resulting in faster overall release of
radionuclides. This is because the maximum concentration that can desorb is
controlled by solubility. In effect, if the K; is low enough that a concentration is
released that exceeds solubility, some of the radionuclide will precipitate bringing the
concentration down to solubility. The stabilized contaminant release rate will drop
below that dictated by solubility when the radionuclide inventory is depleted to where
the concentration released is below solubility. At higher K, values the concentration
released at any given time will always be below the concentration dictated by
solubility. Thus, time until complete release of a radionuclide using adsorption
controls will always be longer than when only solubility controls are used.

e The assumption that radionuclide release is controlled by solubility of discrete
radionuclide phases rather than co-precipitation is conservative if equilibrium prevails
and the choice of solubility controlling minerals is biased towards those with high
solubility.

e The waste release model does not credit any additional potential contaminant
retardation mechanisms, such as retardation associated with iron oxides/hydroxides
from the corroded waste tank lines.
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7.2.4 Volatile Radionuclide and Radon Analysis

The following conservatisms were used in the airborne radionuclide and radon analysis that
conservatively bound the flux of radionuclides from the contaminant zone to the surface.

7.2.5

Boundary conditions were used that force all of the gaseous radionuclides to move
upward from the stabilized CZ to the land surface. In reality, some of the gaseous
radionuclides diffuse sideways and downward in the air-filled pores surrounding the
stabilized CZ; hence ignoring this has the effect of increasing the flux at the land
surface. ,

The removal of radionuclides by pore water moving vertically downward through the
model domain was ignored. This mechanism would likely remove some dissolved
radionuclides, and therefore its omission had the effect of increasing the estimate of
instantaneous radionuclide flux at the land surface in simulations conducted as a part
of this investigation.

The HDPE geomembrane, the GCL, and the primary steel liner of the waste tank
were excluded in the modeling. Inclusion of these materials in the model would
significantly reduce the gaseous flux at the land surface due to their material
properties (i.e., low air-filled porosity).

Cover materials above the erosion barrier (i.e., top soil and upper backfill layers)
were excluded. Excluding these materials shortens the diffusion pathway and could
increase the flux at the land surface.

The stabilized contaminant layer, the reducing grout, and concrete roof were assumed
to be dry. This makes the air-filled porosity equal to the total porosity. This
maximizes diffusive transport through these materials since gaseous flux is through
the air-filled porosity.

Use of the Type I tanks and minimum closure cap thickness in the modeling provided
the shortest pathway from the CZ to the surface.

The entire estimated FTF residual inventory was concentrated into a 1 foot stabilized
contaminant layer in one Type I tank to determine the maximum dose and flux.

Other Factors Affecting Results

Quantified analysis of some pathways, that have been qualitatively judged insignificant in
other PAs, impacted the results. This resulted in contributions that are probably insignificant
but are hard to quantify (e.g., showering).

As discussed in Section 5.2.1, the use of sectors in determining groundwater concentrations
added conservatism to the peak dose results, since the peak concentrations are determined for
each radionuclide independent of the location within the sector.

As discussed in Section 5.6.2.5, solubility control is implemented unnaturally in the
PORFLOW FTF model, with isotopes being treated as separate radionuclides with
independent solubilities. Modeling solubility control in this method tends to allow more of
the contaminant into solution, causing peak doses to occur sooner, and with higher values.
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8.0 PERFORMANCE EVALUATION

” s the appllcatlon of the PA.
1 descrlbes how the PA w111 be used

tlon 8 2 descrlbes future work to be done to suppon mamtenance of the PA.

8.1 Use of Performance Assessment Results

This PA for SRS was prepared to support the eventual closure of the FTF underground
radioactive waste tanks and ancillary equipment. This PA provides the technical basis and
results to be used in subsequent documents to demonstrate compliance with pertinent
requirements of DOE O 435.1, NDAA Section 3116, the Industrial Wastewater Regulations, and
the SRS FFA, as well as final closure of the FTF consistent with the CERCLA. [NDAA 3116,
SCDHEC R.61-67, WSRC-08S-94-42, http://www.access.gpo.gov/uscode/title42/chapter103_.html]
The key requirements from these documents necessitate development and calculation of the
following for the FTF: potential radiological doses to a hypothetical MOP; potential radiological
doses to a hypothetical inadvertent intruder; radiological dose to a human receptor via the air
pathway; radon flux at the ground surface; and, water concentrations. All of these calculations
were performed to provide results over a minimum of 10,000 years. The water concentrations
were calculated for both radioactive and non-radioactive contaminants at multiple locations
outside FTF.

The regulatory process to complete closure of the FTF requires the development of multiple
detailed technical documents with reviews and approvals by multiple state and federal agencies.
The documents involved include an FTF Section 3116 Basis Document which will be used to
demonstrate compliance with the NDAA Section 3116 criteria. [NDAA 3116] The FTF
Section 3116 Basis Document is reviewed and approved by DOE in consultation with the NRC.
Approval of a Section 3116 Waste Determination by the Secretary of Energy is then required so
that the residual waste in FTF can be classified as low-level radioactive waste. The Section
3116 criteria include 10 CFR 61, Subpart C. The FTF PA provides the technical basis that will
be used to demonstrate compliance with 10 CFR 61.41 and 61.42 performance objectives in the
FTF Section 3116 Basis Document. These performance objectives are used in lieu of -the
comparable performance objectives from DOE O 435.1. Compliance with the SCDHEC
requirements will be demonstrated using two primary documents that are supported by the FTF
PA. The first is the FTF Closure Plan which will establish the general protocols, requirements
and processes for closure of FTF. The second document(s) are Tank-Specific Closure Modules
that authorize the closure and grouting of a specific tank, group of tanks or ancillary equipment.
Both the FTF Closure Plan and the FTF Tank-Specific Closure Modules are reviewed and
approved by DOE, SCDHEC and the EPA. The FTF PA will also support the final closure of the
FTF consistent with CERCLA. [http://www.access.gpo.gov/uscode/title42/chapter! 03 .html]

Page 690 of 736



Performance Assessment for the SRS-REG-2007-00002
F-Tank Farm at the Savannah River Site ' Revision 0
June 27, 2008

8.2 Further Work

Because this PA is considered a living document for the closure of the FTF, it will be reviewed
as additional information and studies are conducted to verify that it still bounds the FTF model
inputs. As additional data become available and the PA needs to be revised, additional modeling
will be required. The following areas of future work are presented to facilitate discussion for
improving the PA in future revisions.

Further work is planned focusing on model improvement, with areas of interest being co-
dependencies of model parameters and refinement of flow modeling within the GoldSim FTF
model. Additional work should be conducted related to expanding the current
sensitivity/uncertainty analyses. Additional benchmarking between GoldSim and PORFLOW
should be conducted with additional parametric changes (e.g., tank configurations, flow
conditions), to provide added assurance to the validity of the sensitivity/uncertainty results. The
stochastic distributions will be refined to improve the distributions as additional information is
available. The analyses should consider examination of additional dose peaks other than just the
highest peak in the evaluation period.

Future work is also planned in the area of input refinement and confirmation. For example,
further work should be conducted to refine and confirm the existing radionuclide inventories that
will be present in FTF at site closure. This work includes additional sampling and analysis of
existing waste and refinement of potential waste estimates for unsampled areas, such as the
piping and other ancillary equipment. Sampling of the waste tanks after cleaning and before
grouting will be necessary to evaluate the inventory to ensure that the groundwater protection
performance objectives are met. Future waste tank sampling will also take into account the
waste release assumptions regarding iron co-precipitation and sampling plans will address the
need to investigate not just total radionuclide inventories, but chemical compositions as well. As
part of input refinement and confirmation, future materials testing will be performed as needed
(e.g., validation of grout properties, site specific soil K, testing). This future work will consider
uncertainty in material properties due to biases in testing methods including laboratory versus
field experiments, as well as techniques used to measure properties (e.g., centrifuge versus
flexible wall permeameter, column based K testing).
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compliance assignments and supporting various Safety Basis activities. Mr. Layton also
provided safety basis support for numerous other facilities at SRS and across the DOE
complex, including Sandia, Pantex, and Oak Ridge.
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support to the GoldSim modeling.

MARTIN, BRUCE, WSRC/ Site Regulatory Integration and Planning

B.S.  Mechanical Engineering — United States Military Academy

Experience: Mr. Martin has over 19 years experience at SRS in various organizations
including project management, maintenance, and project and design authority engineering.
Recent responsibilities have been associated with nuclear waste tank cleaning, isolation and
closure under state and federal regulatory compliance programs.

Contributions: Author of sections related to residual tank farm inventory.

NEWMAN, JEFF, WSRC/ Site Regulatory Integration and Planning
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Newman formerly held a position in the Enforcement Section of the Bureau of Wastewater at
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11.0 GLOSSARY

A

Absorption

Accuracy

Actinide

Adsorbtion

Air Content

Air Pathway

ALARA

Amorphous

Ancillary Equipment

Entering of particles of one phase into a different bulk phase by
penetrating a surface.

Closeness of the result of a measurement to the true value of the
quantity.

Group of elements of atomic number 89 through 103. Laboratory
analysis of actinides by alpha spectrometry generally refers to the
elements plutonium, americium, uranium, and curium but may also
include neptunium and thorium.

The enrichment or agglomeration of particles on a surface or
interface.

Amount of air incorporated into the grout as the result of mixing
and placement.

Exposure pathway to radioactive material dispersed in the air in the
form of dusts, fumes, particulates, mists, vapors, or gases.

As Low As Reasonably Achievable - making every reasonable
effort to maintain exposures to radiation as far below the dose limits
as is practical consistent with the purpose for which the licensed
activity is undertaken, taking into account the state of technology,
the economics of improvements in relation to state of technology,
the economics of improvements in relation to benefits to the public
health and safety, and other societal and socioeconomic
considerations.

Latin meaning without form. Non-crystalline structure.

Ancillary equipment associated with the waste storage tanks, such
equipment as transfer line piping, pump tanks, evaporators, that are
used to distribute or control the transfer of waste, from one storage
point to another storage point.
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Annulus The annulus also referred to as the secondary containment of a

Aquifer

Aquitard
Argillaceous

Atomic Energy
Commission

Axisymmetric

B

Background Radiation

Base Case

Basemat

waste tank. The secondary containment surrounds the primary tank
shell of Types I, II, 1II, and IIIA waste tanks, providing a location
for collection of any leakage from the primary tank shell.

Saturated, permeable geologic unit that can transmit significant
quantities of water under ordinary hydraulic gradients.

Geologic unit that inhibits the flow of water.
Containing, made of, or resembling clay; clayey.

Federal agency created in 1946 to manage the development, use,
and control of nuclear energy for military and civilian application.
It was abolished by the Energy Reorganization Act of 1974 and
succeeded by the Energy Research and Development
Administration. Functions of the Energy Research and
Development Administration eventually were taken over by the
U.S. Department of Energy and the U.S. Nuclear Regulatory
Commission.

Having symmetry around an axis.

Naturally occurring radiation, fallout, and cosmic radiation.
Generally, the lowest level of radiation obtainable within the scope
of an analytical measurement, i.e., a blank sample.

Tank Configuration A, scenario in which the closure cap is assumed
in place and no fast flow path exists from outside the waste tank
system, through the tank, and exiting the system. It was assumed
that the concrete that makes up the walls, the tank grout, and
basemat concrete degrades over time (with these changes simulated
by increasing hydraulic conductivity).

* Concrete pad upon which the waste tank is constructed. The pad

has close tolerances for leveling of tank and the concrete is quality
controlled to ensure the structural integrity to tank foundation. The
basemat is also referred to as floor slab or foundation.
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Bioaccumulation Factor
Biotic Transport
(Pathway)

Blackwater Stream

Bleed Water

C

Carbonation

Cementitious

Central Savannah River
Area (CSRA)

CERCLA

Chromated Cooling
Water

Calculations that define parameters used to calculate contaminant
concentrations via a variety of environmental mechanisms.

Amounts and rates of radionuclides transported by living
components (i.e., animals, plants or bacterial life ) of an ecosystem.

Waterways that contain high concentrations of naturally occurring
tannic acid that gives the water a tea color.

Water that separates from the grout as the result of solids settling.

The reaction of CO, gas with the hydrated phases of the Portland
cement in the grout blocking the pores in the grout.

Like or relevant to or having the properties of cement.

Eighteen-county area in Georgia and South Carolina surrounding
Augusta, Georgia. The Savannah River Site is included in the
Central Savannah River Area. Counties are Richmond, Columbia,
McDuffie, Burke, Emanuel, Glascock, Jenkins, Jefferson, Lincoln,
Screven, Taliaferro, Warren, and Wilkes in Georgia and Aiken,
Edgefield, Allendale, Barnwell, and McCormick in South Carolina.

Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA), commonly known as Superfund, was
enacted by Congress on December 11, 1980. This law provides to
clean up uncontrolled or abandoned hazardous-waste sites as well
as accidents, spills, and other emergency releases of pollutants and
contaminants into the environment. Through the Act, EPA was
given power to seek out those parties responsible for any release
and assure their cooperation in the cleanup.

Coolant comprised of choromate-inhibited water that circulates
through the cooling coils of waste tanks to remove radioactive
decay heat and other sources of heat (i.e., steam heat loads,
ventilation heat loads, or mechanical heat loads from
pumping/mixing operations).
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Citizens Advisory Board
(CAB)

Clean Water Act

Closure Plan

Compressive Strength

Concentration

Conductivity Probes

Cone Penetration Test

Consumption Rates

The Savannah River Site Citizens Advisory Board is composed of
25 individuals from South Carolina‘and Georgia. The board
members are chosen to reflect the cultural diversity of the
population affected by SRS. The Board provides advice and
recommendations to the U.S. Department of Energy (DOE) on
environmental remediation, waste management and related issues.
All meetings are open to the public and public participation is
encouraged. Public comment periods are offered at various times
throughout the meetings.

The Clean Water Act is the comerstone of surface water quality
protection in the United States. (The Act does not deal directly
with groundwater nor with water quantity issues.) The law employs
a variety of regulatory and non-regulatory tools to sharply reduce
direct pollutant discharges into waterways, finance municipal
wastewater treatment facilities, and manage polluted runoff.

Plan that presents the environmental regulatory standards and
guidelines pertinent to the closure of the tanks and describes that
process for evaluating and selecting the closure configuration (i.e.,
residual inventory and form.)

Force per unit area required to break an unconfined grout or
concrete sample.

Amount (e.g., in grams or moles) per volume of a substance.

The conductivity probe is a simple electrical device that works on
the principle that liquids conduct electricity more readily than air.
If a liquid comes in contact with the probe it will complete an
electrical circuit and send a signal for indication or alarm purposes
of a waste leak in ancillary equipment.

The cone penetration test (CPT) is an in-situ testing method used to
determine the geotechnical engineering properties of soils and
delineating soil stratigraphy. The CPT is one of the most used and
accepted in-situ test methods for soil investigation. The test method
consists of pushing an instrumented cone, tip first, into the ground
at a controlled rate.

Physical human health exposure parameters used for evaluating
pathway-specific dose.
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Controlled Low Strength CLSM (Controlled Low Strength Material) is a cementitious

Material

Cooling coils

Co-Precipitation

Core pipe

Cretaceous

Curie

D

Darcy Velocity

De-Passivation

Desorption

Deterministic

flowable fill that is used as backfill or infill and has soil-like
properties. It is self compacting and consequently does not required
mechanical compaction to achieve design density. CLSM typically
contains sand, fly ash and less than 100 pounds of hydraulic
material per cubic yard of fill.

Cooling coils are installed in the tanks to remove the decay heat
that is generated by the waste in the tanks. Arrangements and
designs of cooling coils differ, depending on the type of tank. Type
I and 1II tanks, in addition to having vertical cooling coils, also have
cooling coils across the bottom of the tank to provide a means for
cooling the bottom of the tank.

Co-precipitation as defined here is the incorporation of an element
into the crystal structure of a solid phase that is predominantly
made of other elements or the trapping of an element within the
bulk mass of a phase made up of other elements, but not necessarily
within the crystal lattice.

Internal pipe of transfer line that comes into contact with the waste
materials. The core pipe is usually located within a jacket pipe.

The geological time period between 140 and 65 million years ago.

A unit of radioactivity; the ’quantity of nuclear material that has
3.7E+10 disintegrations per second.

Formula for measuring velocity and flow of groundwater.

Deterioration of steel that has been covered with a passivating
product (ex., concrete) as a result of the introduction of too much
chloride.

The opposite process to adsorption meaning the removal of
aggregated particles from a surface.

When fixed parameters are used in calculations versus a distribution
of values (probabilistic).
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Diffusion
Diffusion Coefficient

Dip Tubes

Dispersivity
Distribution Coefficient
(Ko

Diversion Box

Dolomitic

Dose Conversion Factor

Dose Limits

E

Effective Diffusion
Coefficient (D)

Effective Dose
Equivalent

O

Movement of contaminants from an area of higher concentration to
an area of lower concentration.

The rate of diffusion of particles, depending on the particle size,
viscosity and temperature.

Dip Tubes are used to provide an estimate of the rate of leakage
into the annulus and to serve as a backup for the conductivity
probes. Dip tubes operate by relying on the hydrostatic pressure
(height) of the liquid column to cause a backpressure on the dip
tube.

Equal to the dispersion coefficient divided by the velocity.

The quantity of a solute sorbed by a solid, per unit weight of solid,
divided by the quantity of the solute dissolved in the water per unit
volume of water.

Diversion box is a shielded reinforced concrete structure containing
transfer line nozzles to which jumpers are connected in order to
direct waste transfers to the desired location.

A magnesia-rich sedimentary rock resembling limestone.
A factor used to convert radionuclide concentrations in
environmental media to doses. Factors are used for inhalation,

ingestion, immersion and external exposure.

The permissible upper bounds of radiation doses.

The diffusion coefficient of a species through a saturated porous
medium taken over the pore area of the medium through which
diffusion occurs under steady-state conditions.

The sum of the product_s of the dose equivalent to the organ or
tissue (Hr) and the weighting factors (Wr) applicable to each of the
body organs or tissues that are irradiated (Hg = ¥WtHr).

The symbol for redox potential in millivolts.
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Erosion Barrier

Escarpment

Ettringite

Evaporator

Evapotranspiration

Exposure

Exposure Pathway

External Dose

The layer within a multi-part closure cap made of rock (riprap) and
filler materials designed to prevent riprap movement during a
Probable Maximum Precipitation event and therefore forms a
barrier to further erosion and gully formation (i.e., provide closure
cap physical stability). It will be used to maintain a minimum 10 ft
of clean material above the tanks and significant ancillary
equipment to act as an intruder deterrent. It will also act to
preclude burrowing animals from access to underlying closure cap
layers. It also provides minimal water storage for the promotion of
evapotranspiration.

A steep slope or long cliff caused by erosion or faulting separating
two level areas of differing heights.

Ettringite is hexacalcium aluminate trisulfate hydrate. Ettrigite is
found in hydrated Portland cement system as a result of the reaction
of calcium aluminate with calcium sulfate, both present in Portland
cement.

Steam-heated, water-cooled system installed in the tank farms to
concentrate underground waste storage tank contents, in order to
reduce the liquid waste volume.

Evapotranspiration (ET) is a term used to describe the sum of
evaporation and plant transpiration from the earth's land surface to
atmosphere. Evaporation accounts for the movement of water to
the air from sources such as the soil, canopy interception, and
waterbodies.

Being exposed to ionizing radiation or to radioactive material.
The means by which humans are exposed to contaminants. The key
exposure pathways are air and water, with most exposures via

drinking water, crops, other foods, inhalation and direct radiation.

That portion of the dose equivalent received from radiation sources
outside the body.
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F

Federal Facility
Agreement (FFA)

Fick’s Second Law of
Diffusion

Flow

Flux

Fly Ash

G

General Separations
Area

Geosynthetic Clay Liner

GoldSim

Agreement between EPA;, DOE and SCDHEC that directs the
comprehensive remediation of the Savannah River Site (SRS). It
contains requirements for (1) site investigation and remediation of
releases and potential releases of hazardous substances, and (2)
interim status corrective action for releases of hazardous wastes or
hazardous constituents.

Movement of contaminants from an area of higher concentration to
an area of lower concentrations, where the concentrations are
changing over time.

Ability of the grout to spread evenly without vibration (self-level).

The time rate of change or concentration. For example, curies per
year leaving the CZ.

Fly ash is a mineral admixture used in grout to enhance finishing
characteristics, make the mix more economical, and to improve
pumping. It is finer in consistency than cement, and its particles are
round. These fine particles make the mix finish easier, and pump
easier.

Centralized area of SRS including, E, F, H, S and Z Areas that are
the heavily industrialized areas of SRS. :

A woven fabric-like material primarily used for the lining of
landfills. It is a kind of geomembrane and geosynthetic which
incorporates a bentonite or other clay, which has a very low
hydraulic conductivity.

A simulation software program designed to dynamically model the
release and transport of radioactive constituents. The fundamental
output consists of predicted mass fluxes at specified locations
within a system, and predicted concentrations within environmental
media (e.g., groundwater, soil, air).
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Goethite

Gradient Boosting
Model

Grahams Law

Groundwater Flow

Grout

H

Hematite

Herpetofauna
Homogenous

Hydraulic Conductivity

Hydrostratigraphy

Red or yellow or brown mineral; an oxide of iron that is a common
constituent of rust found in soil and other low temperature
environments.

Modeling approach that utilizes binary recursive partitioning
algorithms that deconstruct a response into the relative influence
from a given set of explanatory variables (stochastic model input
parameters).

Grahams Law states that the rate of diffusion of a gas is inversely
proportional to the square root of its molecular weight.

The rate of groundwater movement through the subsurface.

A cement mixture, sufficiently fluid, which can be pumped into
equipment cavities creating a watertight bond, and increasing the
strength of the existing structural foundation. Capable of slowing
the vertical movement or migration of water.

A widely distributed mineral which is an important iron ore,
occurring in crystalline, massive, or granular form, and reddish-
brown when powdered.

Term used that refers to reptiles and amphibians, collectively.
Similar or uniform structure or composition throughout.

Velocity of water flow through saturated materials (e.g., concrete,
grout, soil)

A geologic framework consisting of a body of rock having
considerable lateral extent and composing a reasonably distinct
hydrologic system.
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Igneous Rock

Indurated

Institutional Control

Interfluvial

Internal Dose

J

Jurassic

K

Kelco-Crete

An aggregate of interlocking silicate minerals formed by cooling
and solidification of magma or lava. Igneous rocks are formed by
volcanic processes.

Hard or thickened.

A 100-year period in which DOE retains ownership and control of
FTF such that FTF facility maintenance and controls will be
performed to prevent inadvertent intrusion and protect public health
and the environment.

The region of higher land between two rivers that are in the same
drainage system.

That portion of the dose equivalent received from radioactive
material taken into the body.

The geological period between 210 and 140 million years ago.

A special viscosity modifying admixture. Kelco-Crete is included
in the mix design to enhance physical stability of the grout
(minimizing segregation) and achieve a robust mix.
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L

Lacustrine Sediments

Latin Hypercube
Sampling

Leachate

Leaching

Leak Detection Boxes

Line Encasement (Sealed
Concrete Trench)

Lithified Terrigenous
Sediment

Lithology

Macroinvertebrate

A type of deposit that comes from lakes which previously occupied
the area. They are fine-grained soils that have settled through the
water and accumulated on the lake bottom, typically leaving them
in a soft condition.

A form of sampling that can be applied to multiple variables. The
method is commonly used to reduce the number or runs necessary
for a Monte Carlo simulation to achieve a reasonably accurate
random distribution.

Leachate is the liquid that drains or 'leaches' from a closure system.
It can contain both dissolved and suspended material.

Leaching occurs when infiltrating water seeps into the closure
system and transports contaminants out of the system.

Leak detection boxes provide for the collection and detection of
leakage from the transfer lines.

Enclosed core pipes in a covered reinforced concrete encasement
below ground. Any core pipe leakage into the encasement and in-
leakage of groundwater into the encasement will gravity drain to
catch tank.

Sediments derived from the erosion of rocks on land.
The description of rocks, especially in hand specimen and in

outcrop, on the basis of such characteristics as color, mineralogic
composition, and grain size.

Any nonvertebrate organism that is large enough to be seen without
the aid of a microscope. '
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Maximally Exposed A hypothetical individual who, because of proximity, activities, or

Individual (MEI)

Maximum Contaminant
Level (MCL)

Mesozoic

Metamorphosed
Sedimentary Rock

Miocene-age

Molar

Monte Carlo Analysis

N

National Pollutant
Discharge Elimination
System

living habits, could potentially receive the maximum possible dose
of radiation or of a hazardous chemical from a given event or
process.

The highest level of a contaminant that is allowed in drinking
water, below which there is no known or expected risk to health.
MCLs are EPA enforceable standards.

An area of geologic time, from the end of the Paleozoic to the
beginning of the Cenozoic, or from about 225 million years to
about 65 million years ago.

Rock that is formed by the consolidation of sediment particles or of
the remains of plants and animals.

Middle of Tertiary Period, dating back 13-25 million years.

Relating to a solution that contains X moles of solute per liter of
solution, where X is a number.

An analytical technique in which a large numbers of simulations are
run using random quantities for uncertain variables and looking at
the distribution of results to infer which values are most likely.

As authorized by the Clean Water Act, the National Pollutant
Discharge Elimination System (NPDES) permit program controls
water pollution by regulating point sources that discharge pollutants
into waters of the United States. Point sources are discrete
conveyances such as pipes or man-made ditches.
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NDAA Section 3116 The Ronald W. Reagan National Defense Authorization Act for

O

Occupational Dose

Operable Unit

Operational Period

Outcrop

Oxalic Acid

Oxidation Potential

Fiscal Year 2005 Section 3116 was passed by Congress on October
9, 2004 and signed by the President on October 28, 2004. Section
3116 of the NDAA specifies that the term “high-level radioactive
waste” does not include radioactive waste that results from
reprocessing spent nuclear fuel if the Secretary of Energy
determines, in consultation with the NRC, that the waste meets
certain criteria.

The dose received by an individual in the course of employment in
which the individual’s assigned duties involve exposure to radiation
or to radioactive material. Occupational dose does not include
doses received from background radiation or from any medical
administration the individual has received.

Operable Unit is discrete action that comprises an incremental step
toward comprehensively addressing sitt CERCLA problems. This
discrete portion of a remedial response manages migration, or
eliminates or mitigates a release, threat of release, or pathway of
exposure. The remediation of a site is divided into a number of
operable units, depending on the complexity of the problems
associated with the site.  Operable units will not impede
implementation of subsequent actions, including final action at the
site. FTF is a part of the GSA Western Groundwater Operable
Unit.

Period of time during which tanks are in operation, waste is
removed from the waste tanks and ancillary equipment, the systems
are grouted, and a closure cap is installed in accordance with FFA
requirements.

Also referred to as seepline, it is the location where groundwater
from the upper aquifers is discharged to the surface.

Oxalic acid is a relatively strong organic acid, being about 10,000
times stronger than acetic acid.

The measure of a material to oxidize or lose electrons.
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Oxidized Combined with or having undergone a chemical reaction with

P

Paleozoic

Par Pond

Perennial Stream

Permeability

pH

Phosphatic

Pitting

Plume

Pore

oxygen.

The geological period between 600 to 230 million years ago.

A lake constructed at Savannah River Site in 1958 to provide
cooling water for P-Reactor and R-Reactor.

A perennial stream has flowing water year-round during a typical
year. The water table is located above the stream bed for most of
the year. Groundwater is the primary source of water for stream
flow. Run-off from rainfall is a supplemental source of water for
stream flow.

Capability of a material to let pass other molecules or particles.
A measure of the acidity or alkalinity of a solution, numerically
equal to 7 for neutral solutions, increasing with increasing alkalinity

and decreasing with increasing acidity.

Pertaining to, or containing, phosphorus, phosphoric acid, or
phosphates; as, phosphatic nodules.

Localized corrosion of a metal surface, confined to a point or small
area that takes the form of cavities.

A body of contaminated groundwater eminating from a specific
source.

Hole in a material.
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PORFLOW A comprehensive Comprehensive Fluid Dynamics (CFD)

Porosity

Potable Water

Precambrian

Preliminary
Remediation Goal (PRG)

Primary Tank

Principal Threat Source
Material (PTSM)

Probabalistic

Probable Maximum
Precipitation

Progeny

simulation software program developed to accurately solve
problems involving transient or steady state fluid flow, heat,
salinity and mass transport in multi-phase, variably saturated,
porous or fractured media with dynamic phase change. The
porous/fractured media may be anisotropic and heterogeneous,
arbitrary sources (ex., wells) may be present and, chemical
reactions or radioactive decay may take place. It accommodates
alternate fluid and property relations and complex and arbitrary
boundary conditions.

Grout porosity is generally defined as the percentage of total
volume of cured grout that is not occupied by the starting
cementitious materials and the products that result from reaction of
these cementitious materials with water.

Water that is safe for human consumption.

An informal term to include all geologic time from the beginning of
the Earth to the beginning of the Cambrian pertod 570 million years
ago. '

Health-based chemical concentration in an environmental media
associated with a particular exposure scenario. PRGs may be
developed based on exposure scenarios evaluated prior to or as a
result of a baseline risk assessment.

The primary tank, sometimes referred to as the “shell,” is the
component of the tank that actually contains the liquid waste. The
primary tank is contained within the secondary containment, if any,
and also houses the support equipment for the tank.

When a distribution of values are used in calculations versus fixed
parameters (deterministic).

A model that assigns a likelihood to events or data within a
population, as expressed by a ranked numerical value or an estimate
of best case, worst case or most likely.

Theoretically, the greatest depth of precipitation for a given
duration that is physically possible over a given size storm area at a

particular geographical location at a certain time of the year.

Decay products or descendants of specific radionuclides.
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Public Dose The dose received by a member of the public from exposure to

Pump Pit

Pump Tank

RCRA
Redox

Remedial Investigation
Process

Residual Radioactivity
Riemann or Lebesgue

Measures

Riser

radiation. Public dose does not include occupational dose or doses
received from background radiation or from any medical
administration the individual has received.

Pump Pits are shielded reinforced concrete structures located below
grade at the low points of transfer lines, contain pump tanks and are
usually lined with stainless steel.

All pump pits house a pump tank with the pump pits providing
secondary containment for pump tanks. The pump tanks have a
nominal capacity of 8,000 gallons each. The pump tanks installed
in FTF are all of the same basic size (8.5 feet tall, 12 feet in
diameter).

The Resource Conservation and Recovery Act (RCRA) is the
public law that creates the framework for the proper management of
hazardous and nonhazardous solid waste.

Redox (shorthand for oxidation/reduction reaction) describes all
chemical reactions in which atoms have their oxidation number
(oxidation state) changed.

The mechanism for collecting data to characterize site conditions,
determine the nature of the waste, or assess risk to human health
and the environment as overseen by the EPA.

Radioactivity in structures, materials, soils, groundwater, and other
media at a site remaining after closure.

Statistical method of ingegration

The risers through the tank tops provide for access to the tank and
annulus interiors. Risers are used primarily to provide for the
installation of equipment such as pumps and cooling equipment,
instrumentation such as level probes and leak detection, and
ventilation, and to provide access to the tank interior for sampling,
depth measurement, and inspection.
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S

Saltcake

Saltstone

Saturated zone

Screeded

Secondary Containment

Sector

Seepline

Segregation

Set time

Shotcrete

Saltcake located in waste tanks consists of crystallized salts with
interstitial void space and entrained soluble solids (assumed to be
partially sludge solids).

A process in which low-activity salt solution is mixed with dry
chemicals (cement, slag, and fly ash) to form a homogeneous grout
mixture.

The saturated zone encompasses the area below ground in which all
interconnected openings within the geologic medium are
completely filled with water.

Screeding is leveling and smoothing the top layer of a material that
is poured, such as concrete, so the material is the same height as the
forms, or guides, that surround it.

The secondary containment also referred to as annulus, of a waste
tank. The secondary containment surrounds the primary tank shell
of Types I, I, III, and IIIA waste tanks, providing a location for
collection of any leakage from the primary tank shell.

A logical division or grouping.

Also referred to as outcrop or far field, it is the location where
groundwater from the upper aquifers is discharged to the surface.

Separation of sand from binder as the result of impact, and
separation of water from grout as the result of gravity settling of the
solids from the grout slurry.

Time after mixing at which the grout responds as a solid.

Shotcrete is a substance applied via pressure hoses. Shotcrete is
usually concrete conveyed through a hose and pneumatically
projected at high velocity onto a surface. Shotcrete undergoes
placement and compaction at the same time due to the force with
which it is projected from the nozzle. Shotcrete was used in the
construction of Type IV tanks.
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Shrinkage Percent length change of grout samples cured at 73°F as a function

Silica fume

Slag

Slug test

Solubility

Source Term

Spalling

Stabilized Contaminant

Stated Mean Sea Level

Stochastic

of curing time in saturated and drying environments.

Silica fume, also known as microsilica, is a byproduct of the
reduction of high-purity quartz with coke in electric arc furnaces in
the production of silicon and ferrosilicon alloys. Silica fume is
used as an addition in Portland cement concretes to improve
properties. It has been found that silica fume improves compressive
strength, bond strength, and abrasion resistance. Addition of silica
fume also reduces the permeability of concrete to chloride ions,
which protects concrete's reinforcing steel from corrosion.

Slag was introduced into the design mixes which in addition to its
hydraulic activity, also provides chemical reducing power to the
miXx. Slag has been shown to possess chemically reducing
properties that are favorable for technetium reduction and for
plutonium and selenium.

A slug test is a particular type of aquifer test where water is quickly
added or removed from a groundwater well, and the change in
hydraulic head is monitored through time, to determine the near-
well aquifer characteristics. It is a method used by hydrogeologists
to determine the transmissivity and storativity of the material the
well is completed in.

Mixture of at least two liquid components or of at least one solid
and a liquid component.

The amount and type of radioactive material released into the
environment.

Destruction of a surface by frost, heat, corrosion, or mechanical
causes.

Grouted waste remaining in the waste tanks or ancillary equipment
after system closure.

The reference point used as a standard for determining terrestrial
and atmospheric elevation or ocean depths and is calculated as the
average of hourly tide levels measured by mechanical tide gauges
over extended periods of time.

A probabilistic distribution of parameters.

Page 733 of 736



Performance Assessment for the
F-Tank Farm at the Savannah River Site

SRS-REG-2007-00002
Revision 0
June 27, 2008

Stoichiometry

Supernate

T

Thermodynamic

TNX

Tortuosity

Total Effective Dose
Equivalent (TEDE)

Tracer

Triassic

U

Udorthents

Underliner Sump

Calculation of the quantitative relationships between the amounts of
reactants and products formed during a chemical reaction.

Liquid salt solution found above the sludge layer after settling of
solids in waste tanks has occurred as a result of a liquid waste
transfer to one of the waste processing facilities or receipt tanks.

The science of heat and temperature and of the laws goveming the
conversion of heat into mechanical, electrical, or chemical energy.

TNX Area Operable Unit consists of four major subunits: the New
TNX Seepage Basin, the TNX Burying Ground, the Old TNX Seepage
Basin, and the TNX Groundwater.

A geometrical parameter which intervenes in the description of the
inertial effects between the fluid filled porous material and its
structure at high frequency range.

The sum of the deep-dose equivaient (for external exposures) and
the committed EDE (for internal exposures).

An amount of material introduced into a system model in order to
follow the behavior of some component of that system.

The period of geological time between 248 and 213 million years
ago.

Well drained soils that formed in heterogeneous materials, which
are the spoil or refuse from excavations and major construction
operations.

An underliner sump collects any leakage through the concrete or
stainless steel liners beneath waste tanks.
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Unit Weight

\"

Vadose Zone

Van der Waals Force

Valve Boxes

Vault

Viscosity

Volatilization

W

Waste Characterization
System

Waste Inventory

Weight of a unit volume, typically one cubic foot.

I

The unsaturated zone located between the ground surface and the
water table or saturated zone.

In physical chemistry, the name van der Waals force refers to the
attractive or repulsive forces between molecules (or between parts
of the same molecule) other than those due to covalent bonds or to
the electrostatic interaction of ions with one another or with neutral
molecules.

Transfer valve boxes facilitate specific waste transfers that are
conducted frequently. The valves are generally manual ball valves
in removable jumpers with flush water connections on the transfer
piping. The valve boxes provide containment of and access to the
valves.

Term used to describe the underground concrete floor, walls and
roof that enclose the steel primary liner of the waste tank.

Rheological quality of fluids describing the resistance to flow.

The transport of a liquid substance by vaporization.

Computer based system designed to integrate historical
information, current sample data, and physical properties of
constituents to develop predictions of concentrations and inventory.

Residual contaminants remaining in the radioactive waste tanks and
associated ancillary equipment.
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Working Slab

Y

Young’s Modulus

Concrete surface usually placed to create a level construction
surface. ~ This concrete is normally lower quality without
reinforcement and is either broken up after or cracked during
construction activities between the tanks, thus is not considered a
barrier to vertical water migration.

Young's modulus (E) is a measure of the stiffness of a given
material. It is also known as the modulus of elasticity, elastic
modulus or tensile modulus. It is defined as the ratio, for small
strains, of the rate of change of stress with strain.
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